Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


JUN  13  1901 


SaiiiaA  CdUcgt  Ulnars 


i\yn,a/«.l')0(i-l1  4o^-  ltd. 


SCIENCE  CENTER  LIBRARY 


k- 


THE 


Technology  Quarterly 


AND 


PROCEEDINGS  OF  THE  SOCIETY  OF  ARTS. 


VOLUME  XIII. 


BOSTON : 
(MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY. 

1900. 


s, 


t<,    /Sz  0 '  f3o 


m  "         * 


tx^cv 


The  ACassachusbtts  Institute  of  Technology  held  its  first 
meeting  on  April  8,  1862.  By  the  act  of  incorporation,  which 
was  accepted  at  this  meeting,  the  Society  of  Arts  was  created 
as  a  part  of  the  Institute  coordinate  with  the  School  of  Industrial 
Science. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an' 
active  interest  in  the  sciences  and  their  practical  applications, 
and  to  aid  generally  in  their  advancement  in  connection  with  the 
arts,  agriculture,  manufactures,  and  commerce.  Regular  meetings 
are  held  semi-monthly  from  October  to  May. 

The  Society  discontinued  the  publication  of  the  Abstracts  of 
Proceedings  in  1891,  and  since  then  has  published  its  proceedings 
and  the  principal  papers  read  at  its  meetings  in  the  Technology 
Quarterly,  The  present  volume  contains  the  proceedings  from 
October,  1899,  to  May,  1900,  inclusive. 

The  Quarterly  contains,  also,  the  results  of  scientific  investi- 
gations carried  on  at  the  Institute,  and  other  papers  of  interest 
to  its  graduates  and  friends. 

Neither  the  Massachusetts  Institute  of  Technology  nor  the 
Society  of  Arts  assumes  any  responsibility  for  the  opinions  or 
statements  in  the  papers. 
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BY-LAWS. 


Objects  of  the  Society. 

The  objects  of  the  Society  are  to  awaken  and  maintain  an  active 
interest  in  the  practical  sciences,  and  to  aid  generally  in  their  advance- 
ment and  development  in  connection  with  arts,  agriculture,  manufac- 
tures, and  commerce. 

The  Society  invites  all  who  have  any  valuable  knowledge  of  this 
kind  which  they  are  willing  to  contribute  to  attend  its  meetings  and 
become  members.  Persons  having  valuable  inventions  or  discoveries 
whioh  they  wish  to  explain  will  find  a  suitable  occasion  in  the  Society 
meetings,  subject  to  regulations  hereafter  provided  ;  and  while  the 
Society  will  never  indorse,  by  vote  or  diploma  or  other  official  recog- 
nition, any  invention,  discovery,  theory,  or  machine,  it  will  give  every 
facility  to  those  who  wish  to  discuss  the  principles  and  intentions  of 
their  own  machines  or  inventions,  and  will  endeavor  at  its  meetings,, 
or  through  properly  constituted  committees,  to  show  how  far  any 
communications  made  to  it  are  likely  to  prove  of  real  service  to  the 
community. 

Section  I.  —  Administration. 

The  immediate  management  and  control  of  the  affairs  of  the 
Society  of  Arts  shall  be  exercised  by  an  Executive  Committee,  con- 
sisting of  the  President  of  the  Institute  and  the  Secretary  of  the 
Society  (who  shall  be  members  ex  officiis)^  and  five  other  members,, 
who  shall  be  elected  by  the  Society  of  Arts  at  each  annual  meeting, 
to  continue  in  office  until  other  persons  have  been  chosen  in  their 
place. 

Sect.  II.  —  Duties  of  the  Executive  Committee. 

The  Executive  Committee  shall  elect  its  chairman,  prescribe  his 
duties,  and,  with  the  concurrence  of  the  Treasurer  of  the  Institute, 
fix  his  compensation  when  the  interests  of  the  Society  require  that 

•  •  • 
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he  should  be  paid  for  his  services  ;  they  may  invite  any  person  to 
preside  at  any  ordinary  meeting  who  is  well  versed  in  the  subjects 
to  be  discussed ;  they  shall  appoint  the  days  and  times  of  meeting, 
when  not  fixed  by  the  Society,  and  determine  the  subjects  to  be  con- 
sidered at  the  meetings  and  the  mode  of  conducting  the  discussions ; 
they  may,  with  the  concurrence  of  the  President  of  the  Institute, 
make  such  arrangements  for  reporting  and  publishing  the  proceedings 
of  the  Society  as  they  may  deem  best  suited  to  advance  its  interests ; 
they  may  receive  moneys  in  behalf  of  the  Society  in  aid  of  its  objects, 
by  subscription,  donation,  or  bequest ;  they  shall  make  a  report  of 
their  doings  to  the  Society  at  its  annual  meeting  and  at  such  other 
times  as  a  report  may  be  called  for  by  a  majority  of  the  members  pres- 
ent at  any  meeting ;  they  shall  also  make  a  report  of  their  doings  to 
the  President  of  the  Institute  prior  to  the  annual  meeting,  and  at  such 
other  times  as  the  Corporation  may  require  it.  Three  members  shall 
constitute  a  quorum  for  the  transaction  of  business. 

Sect.  III.  —  Duties  of  the  President  and  Secretary. 

1.  It  shall  be  the  duty  of  the  President  of  the  Institute  to  preside 
at  the  annual  and  the  special  meetings  of  the  Society,  and  also  at  its 
ordinary  meetings  when  the  Executive  Committee  does  not  invite  a 
special  chairman  to  preside. 

2.  It  shall  be  the  duty  of  the  Secretary  of  the  Society  to  give 
notice  of  and  attend  all  meetings  of  the  Society  and  of  the  Executive 
Committee ;  to  keep  a  record  of  the  business  and  orders  of  each  meet- 
ing, and  read  the  same  at  the  next  meeting ;  to  keep  a  list  of  the  mem- 
bers of  the  Society,  and  notify  them  of  their  election  and  of  their 
appointment  on  committees ;  and  generally  to  devote  his  best  efforts, 
under  the  direction  of  the  Executive  Committee,  to  forwarding  the 
business  and  advancing  the  interests  of  the  Society.  He  shall  also 
record  the  names  of  the  Executive  Committee  attending  each  meeting. 

Sect.  IV.  —  Funds  of  the  Society. 

All  the  fees  and  assessments  of  members,  and  all  moneys  received 
by  subscription,  donation,  or  otherwise,  in  aid  of  the  Society,  shall  be 
paid  into  the  treasury  of  the  Corporation,  to  be  held  and  used  for  the 
objects  of  the  Society  under  the  direction  of  the  Executive  Commit- 
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fee,  and  shall  be  subject  to  the  order  of  its  Chairman,  countersigned 
by  the  President  of  the  Corporation. 

Sect.  V.  —  Meetings  of  the  Society  . 

1.  The  annual  meeting  of  the  Society  shall  be  held  at  the  Insti- 
tute on  the  second  Thursday  in  May.  The  ordinary  meetings  shall  be 
held  semi-monthly,  or  whenever  deemed  expedient  by  the  Society  or 
by  the  Executive  Committee,  excepting  in  the  months  of  June,  July, 
August,  and  September. 

2.  If  from  any  cause  the  annual  meeting  shall  not  have  been 
duly  notified  or  held  as  above  required,  the  same  shall  be  notified  and 
held  at  such  time  as  the  Executive  Committee  may  direct. 

3.  A  special  meeting  of  the  Society  may  at  any  time  be  called  by 
the  Secretary  on  a  written  request  of  ten  members.  Twelve  members 
of  the  Society  shall  constitute  a  quorum  for  the  transaction  of  business. 

Sect.  VI.  —  Members  and  Their  Election. 

1.  Members  of  the  Society  of  Arts  shall  be  of  three  kinds  — 
Associate,  Corresponding,  and  Honorary  Members. 

2.  Candidates  for  Associate  Membership  shall  be  recommended  by 
not  less  than  two  members,  whose  signatures  shall  be  affixed  to  a  writ- 
ten or  printed  form  to  that  effect.  Each  nomination  shall  be  referred 
to  the  Executive  Committee,  and  when  reported  favorably  upon  by 
them,  and  read  by  the  Secretary,  may  be  acted  upon  at  the  same 
meeting;  the  election  shall  be  conducted  by  ballot,  and  affirmative 
votes  to  the  number  of  three  fourths  of  the  votes  cast  shall  be  neces- 
sary for  an  election. 

3.  Corresponding  and  Honorary  Members  may  be  elected  in  the 
same  way,  on  nomination  by  the  Executive  Committee. 

4.  Associate  Members  shall  pay  an  admission  fee  of  three  dollars 
before  being  entitled  to  the  privileges  of  membership,  and  an  annual 
assessment  of  three  dollars  on  the  first  of  October  of  each  year,  this 
sum  to  include  subscription  to  the  Technology  Quarterly  and  Proceed- 
ings of  the  Society  of  Arts. 

An  Associate  Member  who  shall  have  paid  at  any  one  time  the 
sum  of  fifty  dollars,  or  annual  assessments  for  twenty  years,  shall 
become  a  member  for  life,  and  be  thereafter  exempted  from  annual 
assessments. 
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A  member  neglecting  to  pay  his  annual  assessment  for  six  months 
after  being  notified  that  the  same  is  due  shall  be  regarded  as  having 
withdrawn  his  membership,  unless  otherwise  decided  by  the  Execu- 
tive Committee,  which  shall  be  authorized,  for  cause  shown,  to  remit 
the  assessments  for  any  one  year ;  and  which  shall  moreover  be  em- 
powered to  exempt  particular  members  from  assessments  whenever 
their  claims  and  the  interests  of  the  Society  make  it  proper  to  do  so. 

Sect.  VII.  —  Election  of  the  Executive  Committee  and  of 

THE  Secretary. 

1.  At  an  ordinary  meeting  of  the  Society,  preceding  the  annual 
meeting,  a  nominating  committee  of  ^ve  shall  be  chosen,  whose  duty 
it  shall  be  to  nominate  candidates  for  the  Executive  Committee,  to  post 
a  list  of  the  names  selected  in  the  office  of  the  Secretary,  and  to  fur- 
nish printed  copies  thereof  to  the  members  at  or  before  the  time  of 
election. 

2.  At  a  meeting  at  which  an  election  is  to  take  place  the  presiding 
officer  shall  appoint  a  committee  to  collect  and  count  the  votes  and 
report  the  names  and  the  number  of  votes  for  each  candidate,  where- 
upon he  shall  announce  the  same  to  the  meeting. 

3.  A  majority  of  the  votes  cast  shall  be  necessary  to  an  election. 

4.  In  the  first  organization  under  these  By-Laws,  the  Executive 
Committee  may  be  elected  at  an  ordinary  or  special  meeting. 

5.  Vacancies  in  the  committee  occurring  during  the  year  may  be 
filled  by  the  Society  at  an  ordinary  meeting. 

6.  The  Secretary  shall  be  elected  by  the  Society,  on  nomination 
by  the  Executive  Committee,  at  each  annual  meeting  of  the  Society, 
or,  in  case  of  a  vacancy  during  the  session,  at  such  other  time  as  the 
Executive  Committee  may  appoint ;  and  he  shall  be  reelig^ble  in  the 
same  way  at  the  pleasure  of  the  Society. 

7.  The  compensation  of  the  Secretary  shall  be  fixed  from  year  to 
year  by  the  Executive  Committee  with  the  concurrence  of  the  Treas- 
urer of  the  Institute. 

Sect.  VIII.  —  Committees  op  Arts. 

1/  The  Members  of  the  Society  of  Arts  may  be  enrolled  in  divi- 
sions, under  the  following  heads,  according  to  the  taste  or  preference  of 
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the  individual ;  each  division  to  constitute  a  committee  upon  the  sub- 
jects to  which  it  appertains  : 

(i)  On  Mineral  Materials,  Mining,  and  the  Manufacture  of  Iron, 
Copper,  and  other  Metals. 

(2)  On  Organic  Materials  —  their  culture  and  preparation. 

(3)  On  Tools  and  Implements. 

(4)  On  Machinery  and  Motive  Powers. 

(5)  On  Textile  Manufactures. 

(6)  On  Manufactures  of  Wood,  Leather,  Paper,  India  Rubber,  and 
Gutta  Percha. 

(7)  On  Pottery,  Glass,  Jewelry,  and  works  in  the  Precious  Metals. 

(8)  On  Chemical  Products  and  Processes. 

(9)  On  Household  Economy ;  including  Warming,  Illumination, 
Water-Supply,  Drainage,  Ventilation,  and  the  Preparation  and  Preser- 
vation of  Food. 

(10)  On  Engineering,  Architecture,  and  Ship-building. 

(11)  On  Commerce,  Marine  Navigation,  and  Inland  Transporta- 
tion. 

(12)  On  Agriculture  and  Rural  Affairs. 

(13)  On  the  Graphic  and  Fine  Arts. 

(14)  On  Ordnance,  Firearms,  and  Military  Equipments. 

(15)  On  Physical  Apparatus. 

2.  Any  member  may  belong  to  more  than  one  of  the  above-named 
Committees  of  Arts,  but  shall  not  at  the  same  time  be  eligible  as  chair- 
man in  more  than  one. 

3.  It  shall  be  competent  for  each  Committee  of  Arts,  of  ten  or 
more  members  entitled  to  vote,  to  organize ;  to  elect  annually  in  Octo- 
ber, or  whenever  a  vacancy  shall  occur,  a  chairman ;  to  appoint  its  own 
meetings ;  and  to  frame  its  own  By-Laws,  provided  the  same  do  not 
conflict  with  the  regulations  of  the  Society  of  Arts. 

Sect.  IX.  —  Amendment  and  Repeal. 

I.  These  By-Laws  may  be  amended  or  repealed,  or  other  pro- 
visions added,  by  a  vote  of  three  fourths  of  the  members  present  at 
any  regular  meeting  of  the  Society ;  provided  that  such  changes  shall 
have  been  recommended  and  approved  in  accordance  with  the  By-Laws 
of   the   Corporation   (see   extract   from   By-Laws   of   Corporation   as 
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printed  below)  and   presented  in  writing  at  a  preceding  meeting  of 
the  Society. 

2.  These  By-Laws  shall  take  eflfect  immediately  after  their  ap- 
proval by  the  Corporation  and  adoption  by  the  Society,  and  all  previous 
By-Laws  are  hereby  repealed. 

As  amended  December  p,  iBg^* 

Extract  from  the  By-Laws  of  the  Corporation. 

Sect.  VI.  —  There  shall  be  a  Committee  on  the  Society  of  Arts 
consisting  of  five  members,  appointed  at  the  annual  meeting  of  the 
Corporation,  to  hold  office  for  one  year,  who  shall  have  the  general 
charge  and  supervision  of  the  organization  and  proceedings  of  the 
Society,  subject  to  the  approval  of  the  Corporation.  It  shall  be  their 
duty,  in  connection  with  a  committee  chosen  by  the  Society,  to  frame 
By-Laws  for  the  government  of  the  Society,  which  shall  take  effect 
when  adopted  by  the  Society  and  approved  by  the  Corporation. 

February^  iSg^, 
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December,    1900. 


Members  are  requested  to  inform  the  Secretary  of  any  change  of  address. 
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Boston,  October  12,  1899. 

The  528th  regular  meeting  of  the  Society  of  Arts  was  held  this 
day  at  the  Rogers  Building,  President  Crafts  in  the  chair.  Twenty-five 
persons  were  present. 

The  records  of  the  last  meeting  were  read  and  approved.  Mr. 
George  W.  Blodgett  then  read  the  report  of  a  special  meeting  of  the 
Executive  Committee,  accepting  the  resignation  of  the  Secretary,  and 
nominating  Dr.  George  V.  Wendell  for  the  position.  The  report  was 
accepted  and  Dr.  Wendell  was  duly  elected. 

The  President  then  introduced  Mr.  J.  L.  Woodbridge  of  the  Class 
of  '86,  Stevens  Institute,  who  read  a  paper  on  "Some  Practical  Appli- 
cations of  the  Storage  Battery."  ^  Mr.  Woodbridge  began  with  a  brief 
outline  of  the  development  of  the  storage  battery,  and  a  description  of 
the  type  in  most  general  use.  This  is,  briefly,  a  grid  of  lead  for  the 
negative  plate  with  square  pellets  of  the  active  material,  metallic  lead 
finely  divided  and  spongy,  and  a  grid  of  lead  for  the  positive  plate 
with  round  holes  filled  with  rolls  of  ribbed  antimonious  lead  from 
which  the  oxide  of  lead  is  formed 
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The  greatest  field  of  usefulness  for  the  storage  battery  is  found  in 
the  power  plant  where  constantly  varying  demands  have  to  be  met. 
In  the  electric  light  plant  the  demand  varies  greatly  in  the  different 
hours,  and  by  turning  the  power  into  the  battery  during  the  time  of 
less  demand,  the  work  is  equalized.  The  same  is  true  of  electric  rail- 
road work  where  the  requirements  vary  greatly  within  a  few  seconds. 
The  power  house  must  supply  whatever  power  is  demanded,  and  with- 
out the  aid  of  the  storage  battery  it  would  require  a  plant  capable  of 
supplying  all  that  is  called  for  at  any  one  time.  With  its  aid  it  need 
supply  only  the  average  amount  required.  By  the  use  of  the  storage 
battery  it  is  possible  to  keep  the  machinery  running  constantly  at  an 
economical  point. 

Several  other  instances  were  cited  of  the  use  of  storage  batteries 
to  great  advantage,  and  reference  was  then  made  to  the  fact  that  the 
batteries  could  be  added  to  as  occasion  required,  with  only  the  expense 
of  additional  plates,  if  the  tanks  were  made  sufficiently  large  in  the 
first  place. 

The  lecturer  was  thanked  by  the  President  in  behalf  of  the  Soci- 
ety, and  the  meeting  was  then  adjourned. 

A.  T.  Hopkins, 

For  the  Secretary. 


Boston,  October  26th,    1899. 

The  529th  regular  meeting  of  the  Society  of  Arts  was  held 
this  day  at  the  Rogers  Building,  Mr.  George  W.  Blodgett  presiding. 
Eighty  persons  were  present. 

The  records  of  the  last  meeting  were  read  and  approved.  Mr. 
Francis  H.  Boyer,  Chief  Engineer  of  the  John  P.  Squire  Company, 
and  Mr.  Gardner  T.  Vorhees,  Refrigerator  Engineer,  Boston,  were 
elected  to  Associate  Membership. 

The  Chairman  introduced  Mr.  H.  C.  Spaulding,  of  the  Massachu- 
setts  Institute  of  Technology,  '87,  who  read  a  paper  on  **  Visual  Sig- 
nals.** The  speaker  began  by  defining  signalling  as  a  sign  agreed 
upon,  understood,  or  designed  to  be  understood  and  used  to  convey 
information,  especially  at  a  distance. 

The  first  real  attempt  to  signal  made  use  of  lights  on  upright 
supports,  the   position  of   the  lights   corresponding  to  letters  of  the 
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alphabet.  In  1455  the  Scotch  Parliament  passed  a  law  that  burning 
bales  should  be  used  to  announce  the  approach  of  the  enemy.  Later 
a  system  of  signalling  was  introduced  between  Paris  and  Lille,  con- 
sisting of  two  vanes  on  the  end  of  a  horizontal  arm,  the  relative  posi- 
tion of  the  vanes  having  a  definite  significance.  At  night  lights  were 
used.  This  was  followed  by  the  clock- vane  system,  and  later  by  the 
electric  telegraph. 

The  wig-wag  system  used  by  the  army  and  navy  is  an  outgrowth 
of  the  system  devised  by  Major  Myer,  the  motion  of  a  square  flag  on 
a  white  staff.  The  present  army  and  navy  system  makes  use  of  flags, 
heliograph,  field  telegraph  and  telephone,  torch,  flash  lantern,  rockets, 
bombs  and  searchlight. 

The  kosten  signals  were  mentioned.  Different  colors  represent 
different  numerals,  which  in  turn  have  a  meaning.  The  colors  are 
made  by  automatic  firing  of  cartridge  cylinders  containing  the  sub- 
stance producing  the  colored  lights. 

The  Weather  Bureau  and  wind  signals  consist  of  a  series  of  flags, 
whose  form,  color,  or  arrangement  of  colors  have  a  definite  meaning. 
The  international  code  is  also  a  flag  system. 

Mr.  Spaulding  gave  a  short  sketch  of  the  earlier  methods  of  rail- 
road signalling,  then  described  the  semaphore,  an  apparatus  for  mak- 
ing signals,  especially  with  movable  arms,  disks  and  lights.  A  number 
of  views  of  the  signal  system  used  at  the  South  Terminal  Station  were 
shown,  also  views  illustrating  the  use  of  the  block  signals.  The  block 
system  is  a  method  of  controlling  railroad  trains  which  are  moving  in 
the  same  direction  on  the  same  track,  so  as  to  prevent  collisions.  The 
automatic  block  signals  are  controlled  electrically. 

The  main  objection  to  the  use  of  flags  is  that  they  may  be 
obscured  in  action  due  to  the  direction  of  the  wind.  To  obviate 
this,  Mr.  Spaulding  explained  an  instrument  which  he  has  devised 
called  the  "  Telegnophore."  It  consists  of  a  hollow  cylinder,  the 
surface  being  made  of  vertical  rotating  prisms  whose  sides  are  red, 
white  and  blue,  respectively.  The  color  of  the  surface  may  be  altered 
by  rotating  the  prisms,  the  rotation  being  controlled  by  electro-mag- 
nets in  the  center  of  the  cylinder. 

A  short  discussion  followed.  The  thanks  of  the  Society  were 
extended  to  Mr.  Spaulding  for  his  interesting  paper,  after  which  the 
meeting  adjourned. 
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Boston,  November  9,   1899. 

The  S30th  regular  meeting  of  the  Society  of  Arts  was  held  this 
day  at  the  Rogers  Building,  President  Crafts  presiding.  Thirty-five 
persons  were  present.  The  records  of  the  previous  meeting  were 
read  and  approved. 

The  President  then  introduced  Mr.  A.  Lawrence  Rotch,  Director 
of  the  Blue  Hill  Observatory,  who  spoke  on  "  Use  of  Kites  to  Obtain 
Meteorological  Data."  ^ 

Mr.  Rotch  told  of  the  early  observations  carried  on  at  high  alti- 
tudes, such  as  high  mountains  or  lofty  plateaus,  and  of  the  great 
expense  incurred  in  the  equipment  and  maintenance  of  the  same. 
Views  were  shown  of  a  number  of  these  observations,  among  them 
the  following :  Mt.  Washington,  Pike's  Peak,  one  in  England  at  which 
hourly  observations  have  been  made  during  the  last  fifteen  years,  one 
in  France,  Switzerland,  and  Germany. 

The  great  objection  to  such  stations  for  meteorological  purposes  is 
that  the  records  do  not  represent  the  conditions  in  free  air.  The  radi- 
ation of  heat  during  the  day  and  cooling  at  night,  generate  currents 
of  heat  which  do  not  exist  in  free  air. 

Balloons  have  been  used  for  many  years,  but  the  measurements 
have  been  of  little  value  to  meteorology.  A  Harvard  graduate.  Dr. 
Jeffries,  made  the  first  scientific  balloon  voyage,  during  which  the 
temperature  of  the  air,  the  barometric  pressure,  humidity,  and  veloc- 
ity of  the  wind  were  recorded.  Samples  of  the  air  were  also  taken. 
Later  ascensions  have  added  little  to  these  results. 

The  main  objections  to  balloons  are :  danger  to  life ;  impossibility 
of  obtaining  measurements  at  different  altitudes  on  the  same  vertical ; 
finally,  the  fact  that  the  basket  of  the  balloon  carries  with  it  the  air 
from  the  ground.  In  Europe  unmanned  balloons  are  extensively  used 
for  the  highest  strata.  The  balloons  carry  instruments  for  automat- 
ically recording  the  various  quantities  desired,  and  these  -records  are 
studied  when  the  balloon  falls  to  earth.  The  highest  records  corre- 
spond to  an  elevation  of  ten  miles.  The  results  are,  however,  of  little 
service  to  the  meteorologist. 

The  chief  advantages  in  the  use  of  kites  are :  they  cost  less  and 
are  free  from  danger;  a  balloon  drifts  with  the  current,  whereas  a 
kite  remains  practically  in  a  constant  position  with  reference  to  the 
observer;  moreover,  a  series  of  kites  strung  at  various  points  of  the 
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cord  allow  observations  to  be  made  at   different   elevations   simulta- 
neously. 

Mr.  Rotch  gave  a  short  outline  of  the  early  history  of  kite  flying, 
beginning  with  some  temperature  measurements  made  with  kites  by 
Dr.  Wilson,  of  Glasgow,  in  1749,  to  the  revival  in  their  use  by  Mr. 
Archibald  in  1883,  for  studying  wind  velocities.  In  August,  1894, 
Mr.  Eddy  began  his  experiments  at  Blue  Hill,  and  much  credit  is  due 
him  for  awakening  an  interest,  and  for  demonstrating  the  value  of  the 
kite  in  meteorological  work. 

At  present  the  Hargrave  box  kite  is  almost  exclusively  used  at 
the  Blue  Hill  Observatory.  Instead  of  being  flat  and  tapering  at  the 
lower  end,  these  kites  are  box-shaped,  with  their  ends  open  and  the 
sides  covered  with  some  strong,  light  material.  The  flying  angle  is 
50°  to  60°  to  the  horizon,  and  can  be  raised  when  the  wind  is  stronger 
than  12  miles  per  hour.  The  position  of  the  kite  is  measured  by  a 
transit.  The  kites  carry  instruments  which  record  automatically, 
temperature,  humidity,  barometric  pressure,  and  wind  velocity.  The 
highest  altitude  yet  attained  at  Blue  Hill  is  12,440  feet;  the  time  of 
flight  often  lasts   12  hours. 

A  number  of  diagrams  of  the  results  of  such  observations  were 
shown.  As  a  rule,  the  temperature  falls  adiabatically  with  the  ascent 
to  a  certain  point,  where  an  inversion  or  increase  of  temperature  takes 
place,  followed  later  by  a  gradual  cooling  of  the  layers.  The  fall  by 
day  is  approximately  1°  for  every  3  feet.  At  night  the  temperature 
rises  with  the  altitude  until  a  height  of  200  or  300  meters  is  reached 
then  falls.     The  air  is  usually  dryer  by  night  than  by  day. 

A  few  photographs  were  shown  of  the  Blue  Hill  Observatory, 
taken  by  means  of  a  camera  fastened  to  the  kite,  and  it  is  hoped 
that  valuable  photographs  of  the  tops  of  clouds  may  be  obtained  in 
this  way. 

The  thanks  of  the  Society  were  extended  to  Mr.  Rotch  for  his 
very  interesting  paper,  after  which  the  Society  adjourned. 


Boston,  November  23,   1899. 

The  S3ist  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  in  the  Rogers  Building  at  8  o'clock.  President  Crafts  pre- 
sided.    Sixty  persons  were  present. 
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The  records  of  the  previous  meeting  were  read  and  approved. 
Mr.  H.  B.  Adams,  of  Cambridge,  was  elected  to  Associate  Member- 
ship. After  the  announcement  of  the  subject  for  the  next  meeting,, 
the  President  introduced  Mr.  A.  D.  Little,  of  the  Massachusetts  Insti- 
tute of  Technology,  '85,  who  gave  a  most  interesting  address  oa 
"  New  Cellulose  Industries."  ^ 

Mr.  Little  said  cellulose  has  been  properly  called  the  structural 
basis  of  the  vegetable  world,  and  it  is  elaborated  in  an  immense 
amount  for  the  purposes  of  the  growing  plant.  The  unit  of  plant 
structure  is  the  cell,  and  the  cell  wall  is  made  up  of  pure  cellulose, 
which,  during  the  growth  of  the  plant,  may  become  infiltrated  with 
other  substances  so  that  the  plant  cells,  according  to  their  functions, 
may  assume  or  have  impressed  upon  them  an  almost  infinite  variety 
of  form.  Notwithstanding  the.  limitations  to  the  use  of  cellulose, 
owing  to  this  fibrous  or  cellular  structure,  it  occupies  a  position  of 
tremendous  importance  in  the  commercial  and  industrial  world. 

The  cellulose  industries  are  :  lumbering  and  working  of  wood,, 
manufacture  of  wood  pulp  and  paper,  raising,  preparing  and  spin* 
ning  of  cotton,  manufacture  of  cordage,  smokeless  powder,  parchment 
paper,  lamp  filaments,  etc. 

Cellulose  is  a  colorless,  translucent,  flexible  solid,  heavier  than 
water,  strong  and  tough.  It  is  stable  under  ordinary  conditions,  takes 
dyes  brilliantly,  is  easily  polished,  and  in  dense  forms  is  hard  and 
rigid.  In  itself  it  is  structureless,  but  owing  to  its  origin,  it  is  almost 
entirely  used  in  form  of  little  tubes  or  fibers.  This  structural  condi- 
tion has  limited,  as  said  before,  its  use,  and  the  object  of  the  new 
process  to  be  described  is  to  remove  these  limitations  as  to  form  by 
making,  for  every  practical  purpose,  the  cellulose  itself  soluble  in  water 
and  plastic. 

Mr.  Little  then  explained  the  method  of  obtaining  the  new  com- 
pound, cellulose  sulpho-carbonate,  discovered  by  Cross,  Bevan,  and 
Beadle,  of  London,  in  1892.  This  substance,  known  commercially  as 
viscose y  is  soluble  in  water,  extremely  plastic,  and  can  be  easily  decom- 
posed with  recovery  of  the  original  cellulose.  The  recovered  cellu- 
lose, moreover,  retains  the  form  impressed  upon  the  plastic  compound. 
Sulpho-carbonate,  or  viscose,  is  formed  by  exposing  ordinary  fibrous 
cellulose,  while  still  moist  with  strong  caustic  soda,  to  the  vapor  of 
bisulphide  of  carbon. 
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Another  property  of  the  viscose  solution  is  its  great  viscosity. 
A  solution  of  cellulose  sulpho-carbonate  may  be  mixed  with  other 
inert  materials,  as  clay,  graphite,  powdered  coal,  and  pigments,  which 
materials  are  held  firmly  entangled  by  the  cellulose  after  the  viscose 
is  decomposed.  These  materials  form  a  part  of  the  final  substance, 
and  so  modify  its  properties. 

Mr.  Little  spoke  of  the  immense  industrial  importance  of  the 
new  discovery,  ^nd  spoke  of  the  recognition  which  it  is  receiving  in 
England  and  on  the  continent  of  Europe.  Among  some  of  the  new 
applications : 

(i)    Application  of  the  films  and  filaments  of  the  recovered  cellu- 
lose, bags,  wrapping  for  butter,  artificial  flowers. 

(2)  Application    of   the   recovered    cellulose    in    admixtures  with 

other  material,  as  with  clay,  coal  tar  and  rubber,  forming 
mackintosh  cloths,  bicycle  tires,  rods  and  dishes  resembling 
vulcanite,  billiard  balls,  etc. 

(3)  Applications  of  viscose  solution  for  paper  sizing,  cloth  finish- 

ing, and  viscose  paint. 

(4)  In  the  manufacture  of  new  compounds  formed  or  derived  from 

the  recovered  cellulose ;  for  instance,  cellulose-acetate. 

Mr.  Little  also  spoke  of  the  present  method  of  producing  artificial 
silks.  It  depends  on  the  fact  that  the  lower  nitrates  of  cellulose  are 
very  soluble  in  a  mixture  of  alcohol  and  ether,  but  insoluble  in  water. 
Such  a  mixture  is  forced  through  very  fine  capillary  tubes  under  great 
pressure,  and  on  falling  into  water,  very  fine  filaments  of  nitro-cellu- 
lose  are  formed.  The  filaments  are  then  spun,  and  afterwards  deni- 
trated  to  render  them  less  combustible.  Silks  produced  in  this  way 
possess  a  wonderfully  beautiful  luster,  but  are  not  so  strong  and  dur- 
able as  the  ordinary  silks.  Their  main  use  lies  in  obtaining  decora- 
tive effects. 

At  present  a  process  is  being  prepared  at  Kew  for  applying  vis- 
cose instead  of  the  nitro-cellulose.  Viscose  solution  has  the  advan- 
tage of  being  much  cheaper  than  nitro-cellulose  solutions,  and  of 
yielding  a  pure  cellulose  without  denitration.  The  solution  is  pressed 
through  fine  capillary  tubes  into  a  solution  of  ammonium-chloride  in 
which  the  viscose  coagulates  immediately  without  decomposition.  The 
filaments  are  then  formed  into  a  compound  thread  which  are  twisted 
and  afterwards  wound  on  bobbins.     The  cellulose  is  recovered  by  im- 
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mersing  these  bobbins  in  boiling  brine.  A  very  large  assortment  of 
viscose  products  were  shown  to  the  great  profit  and  pleasure  of  the 
audience. 

The  thanks  of  the  Society  were  extended  to   Mr.   Little  for  his 
exceedingly  instructive  address,  after  which  the  meeting  adjourned. 


Boston,   December  14,   1899. 

The  5  3 2d  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  at  8  o'clock,  in  the  rooms  of  the  Geological  Department, 
Pierce  Building.  President  Crafts  presided.  Sixty  persons  were 
present. 

The  report  of  the  previous  meeting  was  read  and  approved.  Mr. 
A.  F.  Bemis  was  elected  to  Associate  Membership.  After  the  an- 
nouncement of  the  subject  for  the  following  meeting,  the  President 
introduced  Professor  Niles.  The  latter,  after  referring  to  the  pleasure 
of  entertaining  the  Society  in  the  rooms  of  the  Department,  spoke  of 
the  origin  of  the  mineralogical  and  geological  collections  of  the  Insti- 
tute, and  emphasized  the  fact  that  the  collection  had  been  made  solely 
with  regard  to  the  needs  of  the  students ;  in  fact,  a  large  number  of 
specimens  had  been  collected  by  the  professors  and  students  them- 
selves. The  specimens  are  arranged  in  drawers  or  trays,  which  may 
easily  be  carried  to  the  desk,  where  the  student  may  study  them 
individually. 

Professor  Niles  then  spoke  of  the  valuable  collection  of  minerals 
and  building  stones  to  be  exhibited  after  the  lecture,  which  had  been 
made  by  Professor  Crosby  and  Mr.  Fuller,  in  association  with  the 
Commissioners  of  Massachusetts  and  the  United  States,  for  the  Paris 
Exposition  of  1900.  The  commission  was  desirous  of  sending  to  the 
Paris  Exposition  as  representative  a  collection  of  minerals  and  build- 
ing stones  of  the  United  States  as  possible,  and  every  effort  has 
been  made  to  obtain  that  result. 

This  collection  is  to  be  presented  to  the  Institute  at  the  close  of 
the  Exposition.  Professor  Niles  emphasized  its  value  to  the  students 
of  architecture  and  mining  engineering,  to  whom  a  knowledge  of 
stones  and  quarries  of  this  country  is  of  such  great  importance,  and 
mentioned  that  during  the  last  few  years  the  attention  of  builders  had 
been  drawn  to  the  need  of  a  thorough  investigation  of  the  effects  of 
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temperature  and  pressure  on  the  durability  of  the  stones.  It  has 
been  found  dangerous  to  rely  entirely  upon  chemical  analysis  as  a  test 
of  the  durability,  since  the  physical  condition  or  structure  has  been 
shown  to  exert  a  very  marked  influence.  Another  question  to  be 
studied,  is  the  effect  of  pressure  on  building  stones. 

Professor  Crosby  was  introduced,  and  mentioned  that  the  Institute 
had  been  asked  to  make  a  collection  of  the  phosphates  and  carbonates 
of  this  country.  He  drew  particular  attention  to  the  beautiful  speci- 
mens of  calcite  from  Missouri,  and  of  malachite  from  Arizona. 

Mr.  Fuller,  of  the  Geological  Department,  gave  an  interesting 
account  of  the  methods  which  he  had  adopted  for  collecting  the  build- 
ing stones.  The  quarrymen  were  invited  to  send  samples  of  granite, 
marbles,  limestones,  sandstones,  slates,  and  soapstones,  and  their  re- 
sponses were  very  cordial.  The  stones  for  decorative  purposes  are 
finished  in  rectangular  slabs,  highly  polished,  the  building  stones  in 
the  form  of  cubes,  the  six  faces  being  differently  dressed. 

After  the  adjournment  of  the  meeting,  those  present  gladly  availed 
themselves  of  the  opportunity  to  inspect  the  valuable  and  well-arranged 
collections,  information  being  most  kindly  given  by  the  members  of  the 
geological  department. 

One  of  the  pleasantest  features  of  the  evening  was  the  delightful 
informal  reception  tendered  by  Professor  Niles  to  the  ladies  and  mem- 
bers in  the  Margaret  Cheney  Room. 


Boston,  December  28,   1899. 

The  533d  regular  meeting  of  the  Society  of  Arts  was  held  at 
the  Institute,  Rogers  Building,  this  day  at  8  p.m.  Thirty-three  per- 
sons were  present. 

The  report  of  the  last  meeting  was  read  and  approved. 

Mr.  Albert  E.  Leach,  of  the  Massachusetts  Institute  of  Technol- 
ogy, '86,  Analyst  State  Board  of  Health,  was  introduced,  and  gave 
a  most  interesting  and  valuable  address  on  "  The  Character  and  Ex- 
tent of  Food  and  Drug  Adulteration  in  Massachusetts,  and  the  Sys- 
tem of  Inspection  of  the  State  Board  of  Health." 

After  referring  to  the  general  misconception  of  the  nature  of  food 
and  drug  adulterations,  Mr.  Leach  spoke  of  the  improvement  which 
had  taken  place  during  the  last  few  years,  owing  to  the  efforts  of  the 
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United  States  Government  and  the  various  states  in  the  interest  of 
pure  food. 

Mr.  Wedderburn,  of  the  Department  of  Agriculture,  estimates  the 
food  adulterations  throughout  the  states  to  be  under  1 5  per  cent.,  a 
very  excellent  record  when  it  is  remembered  that  in  only  six  states, 
Massachusetts,  New  York,  Pennsylvania,  New  Jersey,  Ohio  and  Mich- 
igan, laws  have  been  enacted  and  enforced  for  the  restriction  of  food 
adulteration. 

In  this  state  the  law  is  very  strict,  the  addition  of  any  foreign 
substance  rendering  the  vender  liable  to  a  fine  of  $50  for  the  first 
oflfence,  ^100  for  the  second,  and  both  fine  and  imprisonment  for 
the  third. 

In  1883,  the  Massachusetts  State  Board  of  Health  established  the 
Department  of  Food  and  Drug  Inspection,  and  appropriated  a  certain 
sum  for  the  collection  of  samples,  and  for  their  analyzation.  The 
analyses  were  at  first  made  by  paid  analysts  in  their  own  laboratories, 
but  in  1 89 1  an  analyst  was  chosen,  and  a  State  Laboratory  founded. 
The  present  finely  equipped  laboratories  are  in  the  new  portion  of  the 
State  House. 

Mr.  Leach  spoke  of  the  methods  of  collecting  and  analyzing 
samples,  and  specified  what  legally  constitutes  an  adulteration  of 
food.i 

Three-fifths  of  the  appropriation  in  this  state  is,  by  law,  devoted 
to  the  examination  and  collection  of  milk  and  milk  products.  The 
most  common  forms  of  adulteration  in  milk  are  watering  and  skim- 
ming, although  coloring  matter  is  frequently  added.  During  the  last 
few  years,  owing  to  its  antiseptic  properties,  formaldehyde  has  been 
added  to  milk;  i  part  in  5,000  has  been  shown  to  keep  milk  sweet 
for  eight  days,  whereas  the  untreated  product  curdles  in  two.  Not 
alone  in  milk,  but  also  in  many  substances  the  use  of  preservatives, 
boracic  acid  and  salicylic  acid,  is  on  the  increase  ;  for  instance,  in 
catsup,  salt  codfish,  tripe,  oysters  and  sausages. 

Mr.  Leach  gave  as  the  other  foods  most  frequently  adulterated : 
vinegar,  chocolate  preparations,  honey,  olive  oil,  maple  sugar,  spices, 
coffee,  lard,  molasses,  and  cream-of-tartar.  A  very  large  assortment 
of  foods  was  shown ;  among  the  most  interesting  were  the  artificial 
coffee  bean  which  can  only  be  detected  by  the  microscope,  although 
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made  of  roasted  wheat ;  currant  jelly  made  of  apple  juice  ;  honey 
contaming  the  honeycomb  and  dead  bees,  though  wholly  made  of 
glucose ;  and  olive  oil  made  of  cotton-seed  oil. 

Finally  the  subject  of  drugs  was  considered.  A  drug  is  said  to  be 
adulterated  when  it  is  sold  by  a  name  recognized  in  the  United  States 
Pharmacopoeia  or  in  any  standard  work  on  Materia  Medica,  and  does 
not  conform  with  the  standard  fixed  by  such  works.  Among  some  of 
the  preparations  most  liable  to  fall  below  the  standard  are  ammonia, 
distilled  water,  tincture  of  opium,  and  powdered  opium.  Drugs  may 
contain  impurities  which  enter  accidentally  during  the  process  of  man- 
ufacture.    For  instance,  arsenic  is  often  found  in  glycerine. 

A  short  discussion  followed.  The  thanks  of  the  Society  were 
extended  to  Mr.  Leach  for  the  very  instructive  paper,  after  which 
the  meeting  adjourned. 

George  V.  Wendell,  Secretary. 
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NEW  CELLULOSE   INDUSTRIES. 

By  a.  D.  little. 
Read  November  23,  1899. 

As  we  have  to  consider  to-night  certain  new  industries  based  upon 
recent  developments  in  the  chemistry  of  cellulose,  you  will  perhaps 
pardon  me  if  by  way  of  introduction,  I  ask  you  to  recall  some  of 
the  well-known  facts  regarding  cellulose  itself,  and  its  chief  chemical 
relationships. 

Cellulose  has  been  properly  called  the  structural  basis  of  the  vege- 
table world,  and  it  is  elaborated  in  immense  amount  for  the  purposes 
of  the  growing  plant.  The  unit  of  plant  structure  is  a  cell,  and  the 
cell  wall  is  made  up  of  cellulose,  which  in  the  first  instance  is  nearly 
or  quite  pure.  Sometimes,  as  in  the  case  of  the  cotton  fiber,  it  re- 
mains nearly  pure  in  the  mature  cell  wall,  but  more  commonly,  as 
growth  goes  on,  other  substances  are  infiltrated  upon  it  and  become 
a  portion  of  the  wall,  modifying  by  their  presence  the  properties  of 
the  cellulose.  The  wood  of  cone-bearing  trees  contains,  for  example, 
only  about  50  per  cent,  of  cellulose,  which  is  recovered  nearly  pure  in 
the  chemical  processes  for  the  manufacture  of  wood  fiber. 

As  the  plant  cells  according  to  their  function  may  assume,  or  have 
impressed  upon  them,  an  almost  infinite  variety  of  form,  it  follows  that 
cellulose,  as  it  is  supplied  by  nature,  embodies  this  diversity.  It  is, 
however,  always  in  its  natural  state,  subject  to  the  limitations  of  its 
availability  and  usefulness  which  are  imposed  upon  it  by  the  cellular 
or  fibrous  structure  of  the  plant.  In  spite  of  these  limitations,  cellu- 
lose is  to-day  the  chief  raw  material  of  the  world.  To-night  I  hope 
to  describe  a  process  by  which  these  limitations  are  removed  for  what 
is,  in  any  practical  or  general  sense,  the  first  time  —  a  process  which 
in  effect  makes  cellulose  soluble  in  water,  and  as  plastic  as  potter's 
clay. 

Some  idea  of  the  true  position  of  cellulose  in  commerce  and 
industry,  and  of  its  influence  upon  the  whole  social  economy  of  the 
world  may  be  obtained  if  you  consider  for  a  moment  what  the  cellu- 
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lose  industries  are.  They  include  lumbering  and  the  working  of  wood ; 
the  manufacture  of  wood  pulp  and  paper ;  the  raising,  preparing,  spin- 
ning and  weaving  of  the  textile  fibers,  as  cotton,  linen  and  jute ;  the 
manufacture  of  cordage  from  the  so-called  hard  fibers,  like  sisal,  hemp 
and  manila ;  together  with  the  multitude  of  lesser  industries  concerned 
in  the  manufacture  of  celluloid,  smokeless  powder,  pyroxylin  varnishes, 
vulcanized  fiber,  parchment  paper,  lamp  filaments,  and  so  on.  It  is 
obvious  that  no  raw  material  could  have  reached  a  position  so  com- 
manding except  through  its  possession  of  many  desirable  and  useful 
properties. 

Cellulose  is  a  flexible,  colorless,  translucent,  lustrous  solid,  about 
one  and  a  half  times  as  heavy  as  water,  and  remarkably  strong  and 
tough.  In  certain  of  its  forms  it  has  shown  a  tensile  strength  equal 
to  that  of  good  steel  on  equal  sections.  It  is  stable  under  the  ordi- 
nary conditions  of  use,  and  very  durable.  It  takes  dyes  brilliantly, 
may  be  polished  easily,  and  in  its  denser  forms  is  hard  and  rigid. 

Cellulose  itself  is  structureless,  but  by  reason  of  its  origin  and  the 
limitations  of  our  knowledge  as  to  how  it  could  be  worked,  it  com- 
monly occurs  and  has  been  almost  wholly  utilized  in  the  shape  of  little 
tubes  or  fibers,  or  of  structures  built  up  from  them.  In  the  new  in- 
dustries to  which  I  am  about  to  call  your  attention,  we  have  to  con- 
sider the  substance  itself  without  respect  to  form. 

A  few  years  ago  I  had  the  pleasure  of  laying  before  this  Society 
some  of  the  experimental  results  which  had  then  been  developed  from 
the  remarkable  discovery  made  by  my  friends,  Messrs.  Cross,  Bevan, 
and  Beadle,  of  London,  in  1892,  that  when  ordinary  fibrous  cellulose 
is  first  wet  with  a  strong  solution  of  caustic  soda,  and  thereafter, 
while  still  moist,  exposed  to  the  vapor  of  bisulphide  of  carbon,  a  new 
compound,  known  as  cellulose  sulpho-carbonate  is  formed,  which  is  sol- 
uble in  water  and  extremely  plastic,  and  which,  moreover,  may  be 
readily  decomposed  with  recovery  of  the  original  cellulose  slightly 
modified  in  character  and  in  the  form  impressed  upon  the  plastic  com- 
pound. The  cellulose  sulpho-carbonate,  or  cellulose  xanthate  as  it  is 
sometimes  called,  has  received  the  commercial  name  of  viscose. 

The  immense  industrial  importance  of  this  discovery  is  rapidly 
becoming  apparent,  more  especially  in  England  and  on  the  continent 
of  Europe,  where  practically  all  of  its  commercial  applications  have 
been  thus  far  developed.  This  importance  rests  upon  the  fact  that 
the  viscose  process,  for  every  practical  purpose,  is  a  process  of  render- 
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ing  cellulose  itself  soluble  and  plastic,  and  thereby  removing  all  limi- 
tation as  to  form.  As  a  result,  a  new  and  rapidly  expanding  group 
of  cellulose  industries  has  arisen,  and  already  the  commercial  appli- 
cations of  the  process  are  going  forward  upon  the  most  divergent  and 
apparently  unrelated  lines.  These  new  applications  may  be  broadly 
grouped  into :  — 

Applications  of  the  viscose  solution,  such  as  paper  sizing,  cloth 
finishing,  and  viscose  paint ; 

Applications  of  the  films  and  filaments  of  recovered  cellulose ; 

Applications  of  the  recovered  cellulose  in  admixtures  with  other 
materials,  as  with  clay,  coal  tar,  and  rubber ; 

The  manufacture  of  new  compounds  formed  or  derived  from  the 
recovered  cellulose,  as,  for  example,  cellulose  acetate. 

In  all,  about  twenty-two  different  applications  at  present  claim 
attention. 

The  use  of  viscose  in  paper  making  depends  upon  the  fact  that 
when  a  solution  of  the  cellulose  sulpho-carbonate  is  added  to  the 
mixture  of  stock  in  the  paper  engine,  and  the  sulpho-carbonate  thea 
decomposed  by  the  addition  of  Epsom  salts,  the  recovered  cellulose 
is  precipitated  throughout  the  material  in  the  engine  in  the  form  of 
fine  flocks  which  closely  resemble  hydrated  alumina  in  appearance, 
and  which  are  so  gelatinous  and  adhesive  as  to  attach  themselves  to 
the  fibers,  binding  and  cementing  these  together  in  the  subsequent 
processes  of  paper  making.  The  addition  in  this  way  of  from  i  to 
4  per  cent,  of  cellulose  to  the  paper,  results  in  a  notable  increase  in 
strength  and  elasticity. 

The  quality  of  the  paper  thus  produced  has  led  to  its  employment 
as  the  basis  for  artificial  leathers  for  use  in  book  binding,  box  making, 
and  so  on.  The  paper  is  first  coated  with  a  surface  color,  which  is  fol- 
lowed by  a  coat  of  a  special  size,  after  which  the  paper  is  dried  and 
varnished.  It  is  embossed  by  passing  between  heated  rollers  upon 
which  the  design  has  been  sunk. 

The  advantages  obtained  through  the  use  of  viscose  in  paper 
sizing  have  led  to  its  similar  use  in  the  manufacture  of  the  so-called 
leather  boards.  Here  again  the  solution  is  placed  in  the  engine  with 
the  stock,  and  decomposed  by  the  addition  of  Epsom  salts,  after  which 
the  stock  is  run  off  on  the  board  machine  in  the  usual  way.  The 
product  is  a  board  of  remarkable  toughness  and  exceptional  strength. 
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The  great  viscosity  of  the  solution  of  cellulose  sulpho-carbonate 
makes  it  an  admirable  vehicle  for  carrying  any  inert  material,  any  such 
additions  being  afterward  entangled  and  firmly  held  by  the  recovered 
cellulose  when  the  sulpho-carbonate  is  decomposed.  One  part  of 
cellulose  will  in  this  way  easily  carry  and  hold  fifteen  parts  of  clay. 
These  facts  have  been  utilized  in  the  preparation  of  the  coated  papers 
commonly  used  in  the  magazines  and  elsewhere  for  fine  printing,  and 
especially  for  half-tone  work.  Such  papers  are  usually  coated  with 
mixtures  of  clay,  zinc  oxide,  and  glue,  but  distinctly  better  results  are 
secured  when  the  viscose  solution  is  substituted  for  the  glue.  The 
coated  paper  thus  prepared  has  an  especially  good  feel,  good  color, 
no  uuusual  odor,  and  a  very  fine,  smooth  surface  which  takes  all  cuts 
particularly  well.  The  particular  merit  of  the  paper  is  to  be  found 
in  the  fact  that  these  results  are  secured  without  high  glaze,  and  con- 
sequently with  much  less  reflection  of  light  from  the  surface  than  is 
usual  in  such  papers. 

There  is  a  peculiar  appropriateness  in  the  application  of  viscose  to 
the  sizing  and  finishing  of  cotton  yarn  and  cloth,  for  the  reason  that 
after  the  cloth  or  yarn  has  been  saturated  with  the  solution  and  the 
latter  decomposed,  a  film  of  cellulose  is  left  upon  the  fibers,  which  by 
joining  them  together  gives  increased  strength,  while  by  filling  up 
their  inequalities  of  surface,  an  increased  luster  is  obtained.  Thus  by 
the  addition  of  cellulose  to  the  cellulose  of  the  cloth  itself,  ordinary 
cotton  cloth  may  be  made  to  closely  resemble  linen. 

Heavier  coatings  of  cellulose,  which  in  this  case  may  be  mixed 
with  clay  or  pigments,  have  been  applied  for  the  production  of  cotton 
cloth  and  cloth  for  book  binding.  The  advantages  here  are  great  by 
reason  of  the  completeness  with  which  the  cloth  can  be  filled,  the 
hardness  of  the  surface  obtained,  and  the  absence  of  all  tackiness 
should  the  cloth  become  damp  in  use. 

The  ability  of  the  viscose  solution  to  carry  pigments  which  are 
afterwards  held  by  the  recovered  cellulose  has  been  further  utilized  in 
color  printing  upon  cloth.  Here  again  it  is  particularly  advantageous 
that  the  binding  material  is  chemically  substantially  the  same  thing 
as  the  substance  of  the  cloth  itself.  The  pigments  are  much  more 
firmly  fixed,  and  it  becomes  possible  to  obtain  certain  effects  which 
are  otherwise  impossible.  If  the  viscose  solution  is  used  alone,  the 
printed  portions  of  the  cloth  take  dyes  more  deeply  and  brilliantly 
than  the  unprinted  parts,  so  that,  if  the  printed  cloth  is  afterwards 
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passed  through  a  dye  bath,  the  pattern    stands  out  in  darker  tones 
upon  a  comparatively  light  ground. 

From  color  printing  to  ordinary  painting  is  a  somewhat  long  step, 
but  the  comparatively  short  life  of  the  viscose  solution  and  its  pro- 
nounced color  introduced  technical  difficulties  of  some  magnitude 
which  required  to  be  overcome  before  any  general  use  could  be  made 
of  viscose  paint.  These  difficulties  have  recently  been-  successfully 
met  in  Paris,  where  already  a  considerable  and  rapidly  extending 
use  is  being  made  of  the  material  in  this  direction.  A  lo  per  cent, 
solution  of  viscose,  so  prepared  as  to  keep  for  several  weeks,  is  used 
as  the  vehicle  for  paint,  and  this  is  now  being  applied  upon  a  con- 
siderable scale  to  the  Exposition  buildings.  The  alkalinity  of  the 
solution,  and  the  presence  of  sulphur  compounds  restrict  somewhat 
the  number  of  pigments  which  are  available,  but  a  sufficient  number 
of  cheap  pigments  are  unaffected  to  enable  one  to  obtain  any  desired 
shade  by  proper  mixtures.  The  paint  is,  of  course,  diluted  with  water 
to  the  desired  consistency,  and  is  applied  with  a  brush  made  of  vege- 
table fiber  instead  of  bristles.  The  paint  spreads  with  extreme  ease, 
and  its  covering  power  is  much  in  excess  of  that  of  oil  paint.  It  may 
be  easily  rubbed  down,  and  then  gives  with  varnish,  an  especially 
smooth,  soft  finish.  The  ratio  of  pigment  to  cellulose  is  as  fifteen  to 
one,  and  the  cost  price  of  the  entire  paint  is  about  8  centimes  per 
kilo.  Soon  after  the  paint  has  been  applied,  the  viscose  solution  dries 
down  and  decomposes,  so  that  the  pigment  is  firmly  held  in  place  by 
the  film  of  recovered  cellulose. 

Another  important  application  of  the  viscose  solution  has  been 
made  in  Paris,  which  is  curiously  divergent  from  the  foregoing. 
Under  the  name  of  clyzol,  the  solution  has  been  put  upon  the  mar- 
ket there  for  the  purpose  of  removing  old  oil  paint.  If  this  solution 
is  applied  to  a  painted  surface  of  wood  or  iron,  upon  which  there  may 
be  even  as  many  as  fifteen  or  twenty  coats  of  old  oil  paint,  a  saponi- 
fication of  the  oxidized  oil  is  almost  immediately  effected,  with  the 
result  that  when  the  viscose  dries  down  and  decomposes,  the  film  of 
recovered  cellulose  may  be  stripped  away,  carrying  with  it  all  the 
paint,  and  leaving  the  wood  or  metal  clean.  It  is  not  even  neces- 
sary to  wait  for  the  solution  to  dry,  since,  aftt- r  it  has  been  in  contact 
with  the  paint  for  about  ten  minutes,  a  stream  of  water  is  sufficient  to 
wash  the  whole  away.  Clyzol  has  been  adopted  by  the  Paris  Omnibus 
Company  among  other  large  users,  and  would  seem  to  have  a  wide 
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application  in  the  cleaning  of  rolling  stock  and  large  iron  structures, 
before  repainting.  Many  of  the  beautifully  carved  old  oak  doors  in 
Paris,  which  at  some  period  of  bad  taste  had  been  painted,  are  now 
being  cleaned  with  clyzol  and  refinished  in  their  natural  state. 

The  manufacture  of  thin  films  of  cellulose  in  continuous  lengths 
has  been  developed  in  Manchester,  England,  where  the  viscose  solu- 
tion is  allowed  to  flow  in  a  carefully  regulated  stream  upon  a  heated 
and  very  smooth  iron  cylinder  which  slowly  revolves  the  while.  The 
solution  dries  down  into  a  film  upon  the  cylinder,  from  which  it  is  then 
stripped  off  and  reeled.  The  heat  has,  however,  been  insufficient  to 
decompose  the  viscose,  and  the  decomposition  is,  therefore,  subse- 
quently effected  by  treating  the  viscose  film  with  boiling  brine.  The 
inorganic  by-products  diffuse  out  into  the  brine  and  the  clear  film  of 
cellulose  remains.  These  films  are  extremely  tough  and  strong,  and 
are  destined  to  find  a  varied  and  wide  application  in  the  arts.  They 
form  an  ideal  material  for  use  in  dialyzing  apparatus,  and  should  ulti- 
mately replace  parchment  paper  for  nearly  all  purposes  by  reason  of 
their  greater  thinness,  better  appearance  and  superior  strength. 

The  preparation  of  thicker  sheets  of  cellulose,  having  the  general 
appearance  and  physical  properties  of  sheets  of  celluloid,  is  still  in 
the  experimental  stage  of  its  development,  but  enough  has  been  ac- 
complished to  prove  that  it  is  merely  a  question  of  a  little  time  before 
such  sheets,  rivalling  celluloid  in  beauty  and  variety,  will  be  upon  the 
market  at  a  fraction  of  the  cost  of  celluloid,  and  as  free  from  danger 
as  ordinary  cardboard.  These  sheets,  however,  are  much  more  sus- 
ceptible to  the  action  of  moisture  than  celluloid  itself,  and  for  this 
reason  cannot  compete  with  celluloid  in  all  directions. 

One  of  the  first  uses  to  which  the  thin  films  of  cellulose  have  been 
applied  is  in  the  production  of  artificial  flowers  at  Breslau.  I  do  not 
claim  to  be  an  expert  in  this  particular  matter,  and  any  opinion  which 
I  may  express  is  subject  to  correction  by  the  better  informed,  but  to 
my  masculine  eyes  the  flowers  appear  stiff  and  glassy.  The  leaves 
are  much  more  satisfactory,  and  it  is  hoped  that  by  making  the  films 
somewhat  more  soft  in  texture,  much  better  results  generally  will  be 
obtained. 

One  of  the  most  ingenious  of  all  the  developments  of  viscose, 
although  at  present  one  of  the  least  important  technically,  is  to  be 
noted  in  the  process  of  splitting  cellulose  films,  as  discovered  and 
worked  out  by  Mr.  Thomas,  at  Paris.     The  viscose  film  is  first  formed 


1 8  A,  D,  Little. 

and  allowed  to  gelatinize,  after  which  it  is  soaked  in  brine  to  effect  a 
further  coagulation  and  hardening.  It  is  then  transferred  to  another 
solution,  which  effects  almost  at  once  a  superficial  decomposition  of 
the  viscose,  the  result  being  that,  if  a  tube  is  inserted  anywhere  at 
the  edge  of  the  film  and  air  blown  in,  the  film  at  once  splits  on  a  plane 
parallel  to  its  surfaces,  and  may  be  blown  out  into  a  bag  or  tube,  or  into 
irregular  shapes  if  the  original  film  was  first  cut  into  the  proper  form. 
It  is  proposed  to  utilize  the  process  in  the  manufacture  of  sausage 
casings,  packages  for  snuff,  tobacco,  etc.,  and  also  as  covering  for 
handles  upon  which  the  split  film  shrinks  tightly,  giving  a  finish  like 
rawhide. 

An  especially  important  and  interesting  new  cellulose  industry 
involves  the  several  processes  by  which  the  so-called  artificial  silk  is 
now  produced  in  quantity.  A  great  deal  has  been  said  and  written 
about  this  new  product,  in  spite  of  which  there  exists  nearly  every- 
where  a  complete  misconception  of  its  true  character  and  position. 
Much  of  this  misconception  is  due  to  the  fact  that  the  whole  posi- 
tion of  the  industry  and  the  whole  character  of  the  product  has  radi- 
cally changed  since  May,  1898,  so  that  conclusions  based  upon  these 
earlier  results  are  falsified  to-day. 

The  present  commercial  processes  for  the  manufacture  of  artificial 
silk  depend  upon  the  solubility  of  the  lower  nitrates  of  cellulose  in  a 
mixture  of  alcohol  and  ether,  and  upon  the  fact  that  when  this  solu- 
tion is  brought  into  contact  with  water,  the  nitrocellulose  is  precipi- 
tated. The  solution  is,  therefore,  forced  into  water  through  fine 
capillary  apertures  or  spinning  tubes  under  heavy  pressure.  As  soon 
as  the  solution  strikes  the  water,  a  filament  of  nitrocellulose  is  pro- 
duced, which  is  drawn  away  from  the  spinning  tube  at  the  rate  of 
about  600  meters  an  hour.  In  the  process  worked  out  by  Chardonet, 
a  simple  nitrocellulose  solution  in  the  ether-alcohol  mixture  is  em- 
ployed, but  owing  to  its  viscosity  it  requires  extremely  heavy  pressures 
to  force  it  through  the  tubes.  The  Chardonet  solution  formerly  con- 
tained from  7  to  8  per  cent,  of  cellulose  nitrate,  but  has  now  been 
brought  up  to  about  13  per  cent.  An  important  improvement  in  the 
process  was  introduced  by  Lehner,  who  found  that  the  addition  of 
sulphuric  acid  to  the  collodion,  that  is,  the  cellulose  nitrate  solution, 
greatly  lowered  its  viscosity  and  permitted  the  use  of  a  15  per  cent, 
solution  under  much  lower  pressures  than  those  required  without  this 
addition. 
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The  extreme  inflammability  of  the  cellulose  nitrates  in  themselves, 
and  especially  when  in  this  form,  would  preclude  their  use  in  artificial 
silk  were  it  not  for  the  fact  that,  by  treatment  with  appropriate  reduc- 
ing agents,  the  nitric  acid  may  be  removed  and  the  filaments  con- 
verted into  ordinary  cellulose  after  the  manner  worked  out  by  Weston 
in  preparation  of  his  tamidine  in  1882.  The  filaments,  after  spinning, 
are  therefore  denitrated  and  then  subjected  to  a  further  treatment 
with  aluminum  acetate  to  render  them  still  less  readily  combustible 
as  well  as  less  susceptible  to  the  action  of  water. 

In  practice,  a  bank  or  battery  of  twelve  to  twenty  spinning  tubes 
or  orifices  is  operated  for  each  compound  filament  or  thread  produced, 
the  single  filaments  being  drawn  together  in  the  water,  and  twisted 
as  they  leave  it.  Practically  the  sole  claim  which  the  product  has  at 
present  to  commercial  recognition  is  found  in  the  surpassing  luster  of 
this  artificial  silk  which,  as  the  product  is  now  made,  far  exceeds  that 
of  real  silk.  Very  many  superb  samples  of  artificial  silk  in  the  form 
of  floss,  yam,  braid,  cord,  as  well  as  dress  goods  and  numerous  other 
fabrics,  were  seen  by  me  in  London  this  summer,  most  of  these  having 
been  produced  by  the  Lehner  process.  All  of  this  so-called  silk  has 
little  strength  and  almost  no  wearing  quality,  and  what  little  strength 
it  has  is  greatly  reduced  when  wet.  It  takes  dyes  brilliantly,  however, 
a.nd  contrary  to  the  general  impression  is  not  more  inflammable  than 
cotton,  as  was  proved  by  many  trials.  The  sole  field  for  the  product 
is  in  the  production  of  effects ;  for  any  other  purpose  it  is  merely 
beautiful  rubbish,  and  its  employment  evidently  requires  special  skill 
and  knowledge  in  weaving.  It  is  doubtful  if  more  than  twelve  or 
fifteen  silk  spinners  arid  weavers  know,  at  the  present  time,  how  to 
handle  it  to  obtain  the  best  results.  Despite  these  drawbacks,  there 
is  a  sustained  and  insistent  demand  for  all  that  can  be  turned  out  at 
the  present  time,  at  prices  ranging  from  45  to  50  francs  per  kilo,  which 
is  above  the  usual  price  of  real  silk.  The  present  production  of  the 
several  plants  abroad  is  about  300  kilos  a  day,  and  plants  to  make 
about  650  kilos  additional,  are  in  course  of  erection. 

A  consideration  of  these  artificial  silk  processes  brings  us  back 
to  viscose,  for  the  reason  that  the  viscose  solution  has  lately  been 
applied  upon  a  large  experimental  scale  at  Kew,  to  the  production  of 
artificial  silk.  The  solution  has  the  obvious  initial  advantages  of  being 
much  cheaper  than  the  cellulose  nitrate  solutions,  and  of  yielding  a 
pure  cellulose  almost  at  once,  thereby  doing  away  with  the  process  of 
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denitration.  The  solution  is  spun  through  fine  capillary  tubes  into 
a  solution  of  ammonium  chloride,  in  which  the  viscose  coagulates  im- 
mediately, although  without  decomposition.  The  filaments  are  then 
drawn  together  into  the  compound  thread  which  is  wound  up  on  bob- 
bins after  a  preliminary  twisting.  The  viscose  filaments  are  thereafter 
decomposed  with  recovery  of  the  cellulose  by  immersing  them  in  boil- 
ing brine. 

Coming  now  to  the  applications  which  have  been  made  of  the 
recovered  cellulose  in  admixtures  with  other  materials,  it  should  be 
made  clear  that  when  the  viscose  solution  is  allowed  to  decompose 
spontaneously,  the  recovered  cellulose  coagulates  into  a  firm,  stiff  jelly, 
from  which,  as  dehydration  proceeds,  the  inorganic  by-products  are 
in  large  part  expelled,  although  a  prolonged  soaking  in  water  is  neces- 
sary to  remove  them  all.  If,  to  the  viscose  solution,  inert  materials 
like  china  clay,  powdered  coal,  graphite,  untreated  fiber  or  pigments 
have  been  added,  these  materials  become  a  part  of  the  resulting  mass, 
and  modify  according  to  their  properties,  the  character  of  the  product. 
It  is  not  even  necessary,  in  making  such  admixtures  to  bring  the  vis- 
cose into  solution,  for  it  is  itself  plastic  and  adhesive  to  about  the 
same  extent  as  a  raw  rubber  dough,  so  that,  after  the  manner  of  rub- 
ber working,  the  viscose  dough  may  be  admixed  with  various  dilutents, 
the  whole  mass  remaining  plastic.  While  in  this  form  it  may  be 
molded,  stamped,  squirted  into  rods  or  tubes  after  the  manner  in 
which  lead  pipe  is  made,  or  rolled  out  into  sheets,  and  may  even  be 
spun  upon  a  potter's  wheel  like  clay.  The  articles  thus  tnade  require 
to  be  heated  over  night  to  a  temperature  of  about  1 50°  F.  to  decom- 
pose the  viscose  and  recover  the  cellulose  in  the  form  impressed  upon 
the  plastic  compound.  The  articles  are  then  dense  and  hard,  but 
require  washing  in  water  to  remove  alkaline  sulpho-carbonates  and 
their  by-products. 

The  extreme  facility  with  which  viscose  can  be  admixed  with  other 
materials,  and  the  general  resemblance  of  the  viscose  dough  to  a 
crude  rubber  dough,  has  led  to  the  working  out  of  methods  whereby 
the  viscose  and  rubber  are  incorporated  together  so  intimately  that 
upon  the  subsequent  decomposition  of  the  viscose  in  the  vulcanizing 
process,  a  film  or  product  is  obtained  in  which  the  cellulose  and  rubber 
seem  to  actually  interpermeate  each  other.  Thus  far  the  application 
of  the  new  mixture  has  been  almost  entirely  in  the  manufacture  of 
waterproof   cloth  for  mackintoshes,  although  certain   other  products 


New  Cellulose  Industries.  21 

such  as  bicycle  tires  and  other  mechanical  goods,  have  been  turned 
out.  In  the  case  of  mackintosh  cloths,  the  viscose  rubber  mixture 
spreads  better,  and  is  claimed  to  give  a  less  porous  film  than  the  usual 
mixtures.  The  goods  can  be  run  faster  through  the  coating  machines, 
and  the  mixture  works  more  cleanly,  but  the  addition  of  viscose  cer- 
tainly lowers  somewhat  the  elasticity  of  the  rubber. 

The  influence  of  this  discovery  of  Cross,  Bevan,  and  Beadle,  upon 
the  general  development  of  the  chemistry  of  cellulose,  promises  to  be 
perhaps  as  great  as  it  has  already  shown  itself  to  be  upon  the  purely 
technical  development  of  the  cellulose  industries.  The  bearing  of 
their  discovery  upon  the  chemistry  of  cellulose,  apart  from  the  gen- 
eral stimulus  afforded  by  any  great  discovery,  lies  in  the  fact  that  the 
recovered  cellulose,  especially  when  sufficiently  hydrated  to  corre- 
spond to  the  formula  C^  H^  O^,  is  far  more  reactive  or  susceptible  to 
the  action  of  chemical  reagents  than  any  of  the  ordinary  forms  of  cel- 
lulose. It  thus  becomes  possible  to  prepare  easily  and  in  quantities, 
compounds  of  cellulose  not  known  before  outside  the  laboratory,  and 
opens  up  a  field  for  new  discovery.  The  earliest  and  perhaps  the 
most  important  of  these  new  commercial  products  is  cellulose  acetate, 
which  is  now  prepared  by  the  method  of  Cross  and  Weber,  in  quanti- 
ties of  several  hundred  pounds  per  day. 

This  method  consists,  briefly,  in  mixing  the  recovered  cellulose  with 
magnesium  acetate,  drying  the  mixture  down,  adding  small  quantities 
of  acetic  anhydride  with  a  much  larger  proportion  of  acetyl  chloride, 
and  stirring  the  entire  mixture  until  the  reaction  starts.  Carefully 
regulated  quantities  of  nitrobenzol  are  then  slowly  added  for  the  pur- 
pose of  controlling  the  reaction  and  bringing  the  acetate  into  solution. 
The  acetate  is  purified  by  precipitation  in  alcohol,  and  is  then  washed 
in  water  and  dried. 

The  more  immediate  and  obvious  uses  for  cellulose  acetate  are  in 
the  preparation  of  varnishes  and  lacquers,  photographic  films,  and 
sheets  to  replace  celluloid  which  the  acetate  closely  resembles  in  ap- 
pearance and  general  physical  character.  It  is,  however,  much  less 
inflammable,  and  is  especially  valuable  because  of  its  high  specific 
inductive  capacity  and  water-repellant  quality. 

The  greater  reactivity  of  the  cellulose  recovered  from  viscose  has 
also  been  utilized  in  the  preparation  of  the  cellulose  nitrates,  where 
also  the  granular  form  in  which  this  cellulose  is  readily  obtained 
offers  economics  in  the  acid  treatment,  and  greatly  facilitates  subse- 
quent washing. 


22  Albert  E,  Leach. 


CHARACTER  AND  EXTENT  OF  FOOD  AND  DRUG  ADUL- 
TERATION IN  MASSACHUSETTS,  AND  THE  SYSTEM 
OF  INSPECTION  OF  THE  STATE  BOARD  OF  HEALTH. 

By  albert  K  LEACH. 
Read  December  a8,  1899. 

There  is  no  more  vital  question  with  which  we  have  to  deal  than 
that  bearing  on  the  quality  and  purity  of  our  food  materials,  but  it  is 
a  matter  to  which  the  average  man  gives  but  little  serious  attention, 
and  as  a  rule  the  world  at  large  does  not  concern  itself  niuch  about 
what  is  being  done  by  the  government  or  state  in  the  interests  of 
pure  food. 

There  is  a  general  popular  impression  that  nearly  everything  we 
eat  or  drink  is  sophisticated  in  one  form  or  another.  Many  actually 
believe  that  it  is  a  customary  practice  for  grocers  to  put  sand  in  sugar, 
and  for  milk  dealers  to  put  chalk  in  milk,  never  stopping  for  a  moment 
to  consider  that  such  impossible  forms  of  adulteration  as  these  could 
not  fail  to  be  detected  by  the  most  casual  observer. 

The  newspapers  are  constantly  furnishing  us  with  sensational  ac- 
counts of  the  terrible  extent  to  which  the  practice  of  adulterating 
food  has  grown.  A  statement  of  this  character  recently  appeared, 
purporting  to  have  been  made  by  a  professor  of  physiological  chemis- 
try in  a  college  outside  of  New  England,  to  the  effect  that  the  alarm- 
ing growth  of  food  adulteration  in  this  country  would,  in  his  opinion, 
inevitably  result  in  the  idiocy  of  the  American  people.  There  is  little 
wonder  in  the  face  of  such  statements  as  these  for  the  widespread 
misconception  of  the  true  condition  of  affairs.  One  reason  why  people 
are  apt  to  be  misled  —  and  a  very  natural  reason  be  it  said  —  is,  that 
lacking  familiarity  with  the  physical  or  chemical  characteristics  of  a 
food,  if  it  does  not  taste  just  right,  they  at  once  suspect  it  to  be  adul- 
terated. They  often  mistake  deterioration  for  adulteration,  or  per- 
haps do  not  discriminate  between  goods  of  an  inferior  grade  and  those 
actually  adulterated.     As  a  familiar  example  of  this,  we  find  old  or 
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damaged  coffees  or  spices  whose  strength  or  aroma  have  been  lost 
through  exposure  to  the  air  frequently  though  incorrectly  deemed 
adulterated.  In  like  manner  a  rancid  butter  is  sometimes  mistaken 
for  oleomargarine  by  those  who  do  not  know  that  oleomargarine  rarely, 
if  ever,  becomes  rancid  like  butter. 

Mr.  A.  J.  Wedderburn,  special  agent  for  the  Department  of  Agri- 
culture at  Washington,  who  has  devoted  much  attention  to  the  char- 
acter and  extent  of  food  and  drug  adulteration  in  this  country,  esti- 
mates the  amount  of  actually  adulterated  food  sold  throughout  the 
United  States  as  under  1 5  per  cent,  of  the  whple,  and  if  this  is  true 
for  the  country  at  large,  wherein  only  six  of  the  states  make  any  spe- 
cial attempt  to  restrict  the  sale  of  impure  or  adulterated  food  by  pros- 
ecution in  the  courts,  it  will  be  apparent  that  in  Massachusetts,  where 
for  sixteen  years  strict  laws  have  been  enforced  in  the  matter  of  food 
adulteration,  a  much  better  state  of  affairs  exists.  It  would  be  safe 
to  say  that  in  this  state  the  adulterated  food  on  sale  would  amount  to 
less  than  5  per  cent,  of  the  whole.  This  difference  shows  at  once  the 
beneficial  results  of  the  strict  enforcement  of  the  food  and  drug  laws 
in  Massachusetts. 

In  calling  attention  to  the  generally  exaggerated  notion  that  is 
prevalent  as  regards  the  extent  of  food  adulteration,  the  writer  does 
not  for  a  moment  wish  to  be  understood  as  in  any  way  belittling  the 
crime  of  defrauding  the  people  in  this  way,  for  it  is  a  crime  most  cer- 
tainly, and  very  properly  comes  within  the  jurisdiction  of  the  criminal 
courts. 

The  six  states  which  have  enacted  and  are  enforcing  laws  for  the 
suppression  of  food  adulteration  are,  besides  Massachusetts,  New  York, 
New  Jersey,  Ohio,  Michigan  and  Pennsylvania.  It  is  true  that  most 
of  the  states  have  laws  making  the  sale  of  adulterated  food  a  misde- 
meanor, and  a  few  others  are  beginning  to  make  analyses  of  articles 
of  food,  but  excepting  in  the  states  mentioned,  little  if  anything  is 
done  in  the  way  of  executing  these  laws.  Massachusetts  is  the  pioneer 
in  this  field,  and  for  many  years  stood  alone  in  the  work.  The  other 
states  which  have  swung  into  line  have  done  so  for  the  most  part  in 
comparatively  recent  years,  nearly  all  having  copied  our  laws  in  the 
main,  and  to  some  extent  our  methods.  Many  of  them  are  doing 
excellent  work,  but  it  is  safe  to  say  that  Massachusetts  is  holding  her 
own,  as  is  manifest  from  the  statistics  bearing  on  the  quality  of  her 
food  supply  as  compared  with  that  of  other  states. 
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In  1883  the  State  Board  of  Health,  or,  as  it  was  then  called,  the 
Board  of  Health,  Lunacy,  and  Charity,  began  the  systematic  inspec- 
tion of  foods  and  drugs,  acting  under  the  authority  of  the  Act  of 
1882,  in  accordance  with  which  a  sum  not  exceeding  ^11,500  per 
annum  was  appropriated  for  the  work.  The  Department  of  Food 
and  Drug  Inspection  was  then  organized,  with  collectors  of  samples 
to  purchase  various  articles  of  food  and  drugs  for  analysis,  the 
chemical  part  of  the  work  being  at  that  time  and  for  some  years 
thereafter  done  by  various  chemists  employed  to  make  the  analyses 
in  their  own  private  laboratories. 

At  the  outset  it  is  easy  to  see  that  the  collection  of  samples  had 
to  be  done  somewhat  indiscriminately,  not  knowing,  for  instance,  at 
first  that  certain  articles  of  food  were  rarely,  if  ever,  subject  to  adul- 
teration. In  1 89 1  it  was  thought  best  to  combine  under  one  head  the 
chemical  work,  an  analyst  was  appointed  and  in  the  following  year  a 
temporary  laboratory  for  the  exclusive  work  of  food  and  drug  inspec- 
tion was  fitted  out  in  the  Columbia  Theatre  Building,  pending  the 
completion  of  the  commodious  laboratories  in  the  new  portion  of 
the  State  House,  which  have  been  the  headquarters  of  the  Depart- 
ment for  the  last  five  years. 

In  1883  less  than  1,300  samples  were  examined.  In  1898  over 
10,000  samples  were  collected  and  analyzed.  Of  the  1,300  samples 
analyzed  in  1883,  44.5  per  cent,  were  adulterated,  and  of  the  samples 
examined  in  1898  the  ratio  of  adulteration  was  25.4  per  cent. 

Figure  i  shows  in  a  general  way  the  variation  from  year  to  year 
in  the  percentage  of  adulterated  samples  of  milk,  and  Figure  2  of 
foods  exclusive  of  milk  through  the  period  covered  by  the  work.  The 
abscissae  are  the  years  from  1883  to  1898,  and  the  ordinates  the  per- 
centage of  adulteration  of  samples  examined  in  each  year.  A  marked 
general  improvement  is  shown  in  the  character  of  the  samples.  Before 
explaining  the  reasons,  however,  for  the  fluctuations  in  the  different 
years,  it  would  be  well  to  briefly  outline  the  method  of  obtaining  sam- 
ples and  review  the  general  routine  of  the  work. 

There  are  three  inspectors  whose  business  it  is  to  travel  over  the 
state  and  buy  in  the  open  market  such  foods  and  drugs  as  experience 
has  proved  most  liable  to  adulteration.  For  these  the  regular  prices 
are  paid,  each  sample  is  numbered  as  soon  as  purchased,  and  all  data 
as  to  name  of  dealer,  etc.,  entered  in  the  inspector's  book.  The  duties 
of  the  inspector  involve  more  than   merely  purchasing  the  goods  ^  at 


Character  and  Extent  of  Food  and  Drug  Adulteration  25 


100 


1  ^ 


9 

0 

& 

5  40 


• 

V 

\ 

• 

1 

\ 

\ 

• 

\ 

^ 

— ^ 

=> 

.=: 

=- 

^ 

'^ 

X 

t 

"■ 

■ 

, 

• 

10  -^ 


'83         '84         *is        »«6         •87        'W        '89         '90        '9«         'Ja         'S        "SJ         '9$         '96        '97        ^ 

Fig.  I. 
Showing  the  variation  in  percentage  of  adulterated  samples  of  milk  examined  during  16  years. 
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Showing  the  variation  in  percentage  of  adulterated  samples  of  milk  examined  during  16  years. 
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random.  He  is  supposed  to  exercise  discretion  in  the  singling  out 
of  adulterated  brands  or  articles,  the  cost  of  an  article  being  in  many 
cases  an  important  factor  in  determining  its  liability  to  adulteration. 
The  inspector,  furthermore,  soon  becomes  familiar  with  the  brands 
that  are  invariably  pure,  and  seeks  to  purchase  chiefly  the  suspicious 
varieties,  such  as  spices  sold  in  bulk  rather  than  in  branded  packages 
of  well  known  reliable  manufacturers.  The  samples  after  being  pur- 
chased are  taken  as  soon  as  possible  to  the  laboratory  of  the  Board  at 
the  State  House  and  delivered  to  the  analyst  either  personally,  or 
with  such  safeguards  in  respect  to  lock  and  key  as  to  leavj  no  ques- 
tion in  the  courts  as  to  safe  delivery  and  freedom  from  accidental 
tampering.  The  analyst  knows  nothing  of  the  data  of  collection,  not 
even  knowing  the  town  from  which  the  sample  was  purchased,  so  that 
he  can  truthfully  state  in  court  that  his  analysis  is  unbiased.  The 
analyst  reports  the  results  of  his  examination,  and  the  inspector  fur- 
nishes his  data  to  the  secretary  of  the  Board,  who  puts  the  two  to- 
gether and  determines  what  shall  be  done  in  cases  of  adulteration. 
If  it  is  a  first  offence,  or  if  there  are  extenuating  circumstances  of 
some  kind,  the  offender  is  probably  notified,  or  if  there  is  good  rea- 
son for  it,  he  is  prosecuted  and  tried,  both  the  analyst  and  the  in- 
spector being  summoned  into  court  to  give  testimony  for  the  state. 

A  court  case  is  the  almost  inevitable  result  if  the  adulterated 
sample  has  been  purchased  from  a  wholesaler  or  producer,  or  if,  in  the 
case  of  a  retailer,  there  is  good  reason  to  believe  the  vendor  is  cog- 
nizant of  the  fact  that  his  goods  are  poor.  While  every  possible 
effort  is  made  to  trace  the  goods  back  in  every  case  to  the  really  re- 
sponsible party,  preferably  the  manufacturer  or  at  least  the  whole- 
saler, it  is  not  always  possible  to  do  this  for  various  reasons,  it  being 
often  found,  for  example,  that  the  goods  were  manufactured  outside 
the  state.  Much  good,  however,  results  from  the  mere  notification  of 
the  retailer,  who  can  invariably  be  depended  upon  to  notify  in  turn 
the  people  from  whom  he  bought  the  goods. 

Before  beginning  an  analysis  in  the  case  of  foods  other  than  milk, 
the  analyst  is  required  to  reserve  a  sample,  which,  in  the  event  of 
proving  to  be  adulterated,  shall  be  sealed,  and  if  he  is  requested  to  do 
so,  he  shall  deliver  this  sample  to  the  defendant  that  he  may  have  it 
analyzed  by  another  chemist  in  his  own  behalf. 

It  might  perhaps  be  well  to  consider  at  this  point  just  what  con- 
stitutes an  adulterated  article  of  food  in  the  eye  of  the  law.     A  food 
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in  general  is  deemed  to  be  adulterated  if  anything  has  been  mixed 
with  it  to  reduce  or  lower  its  quality  or  strength  ;  or  if  anything 
inferior  or  cheaper  has  been  substituted  wholly  or  in  part  therefor; 
or  if  any  valuable  constituent  has  been  abstracted  wholly  or  in  part 
from  it ;  or  if  it  consists  wholly  or  in  part  of  a  diseased,  decomposed, 
or  putrid  animal  or  vegetable  substance  ;  or  if  it  is  made  to  appear  of 
greater  value  than  it  really  is ;  or  if  it  contains  any  added  poisonous 
ingredient. 

As  to  the  character  of  adulteration,  nine  out  of  ten,  it  might 
almost  be  said  ninety-nine  out  of  a  hundred  adulterated  foods  are 
so  classed  by  reason  of  the  addition  of  cheaper  though  harmless  in- 
gredients added  for  commercial  profit,  rather  than  by  the  addition 
of  actually  poisonous  or  injurious  substances.  As  an  example  of  such 
commercial  fraud  could  be  cited  the  frequent  and  familiar  adding  of 
water  to  milk,  and  as  an  example  of  the  latter  or  injurious  class,  the 
coloring  of  confectionery  with  chrome  yellow,  which  is  very  rarely 
met  with  in  these  days. 

Under  the  law  three-fifths  of  the  appropriation  is  spent  for  the 
collection  and  examination  of  milk  and  milk  products ;  hence  milk 
analysis  forms  a  large  part  of  the  routine  work  of  the  Department. 
In  the  year  1898,  6,088  samples  of  milk  were  analyzed.  Milk  is  pur- 
chased by  the  inspector  from  milkmen's  wagons,  stores,  and  frequently 
from  the  producers  on  the  farm.  Milks  of  known  purity  are  some- 
times taken,  which  were  milked  in  the  presence  of  the  inspector.  It 
is  our  custom  to  determine  the  total  solids  of  every  sample  brought 
in,  and  to  estimate  the  fat  in  such  samples  only  as  are  below  the 
standard  of  solids.  This  standard  for  total  solids  as  fixed  by  law  is 
13  per  cent.,  excepting  for  the  months  of  April  to  September  inclu- 
sive, when  it  is  12  per  cent.  The  legal  standard  for  total  solids  in 
Massachusetts  is  unusually  high.  In  most  European  countries  the 
standard  is  11.5  per  cent.,  and  in  no  case  more  than  12  per  cent. 
The  ratio  of  adulteration  of  milk  is  largely  a  question  of  legislative 
enactment.  The  falling  off  in  the  percentage  of  adulteration  in  the 
last  two  years  for  instance,  as  shown  in  Figure  2,  is  not  due  to  any 
actual  improvement  in  the  quality  of  the  milk  of  those  years,  but  to 
the  fact  that  the  Legislature  in  1897  reduced  the  standard  by  i  per 
cent,  for  three  additional  months. 

The  percentage  of  adulteration  of  milk  analyzed  by  the  Depart- 
ment does  not  by  any  means  indicate  the  true  quality  of  the  milk  sold 
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throughout  the  State,  which  is  much  better  than  our  figures  show. 
This  is  because  the  samples  brought  in  for  examination  are  largely 
taken  from  suspicious  sources,  as,  for  example,  from  suspected  pro- 
ducers. Another  cause  for  the  fluctuation  of  the  adulteration  of  milk 
in  the  samples  examined  from  year  to  year  (as  evidenced  by  the  eccen- 
tricities of  the  line  in  Figure  2)  is  that  in  some  years  a  large  number 
of  milks  of  known  purity  have  been  taken,  which  would  of  course 
bring  down  the  ratio  of  adulteration  perceptibly.  This  is  noticeable 
in  1886.  On  the  other  hand,  as  in  1893,  1894  and  1895,  an  unusually 
large  number  of  milks  were  brought  in  from  suspected  producers,  thus 
causing  the  percentage  of  adulteration  to  run  high. 

Though  watering  and  skimming  are  by  far  the  most  common  forms 
of  milk  adulteration,  foreign  coloring  matter  is  occasionally  added,  usu- 
ally to  cover  up  evidences  of  watering.  The  coloring  matter  most 
commonly  employed  is  annatto.  Various  coal  tar  dyes  are  sometimes 
found,  and  very  rarely  caramel.  Though  as  was  said,  foreign  coloring 
matter  is  found  for  the  most  part  in  watered  milk,  there  are  instances 
where  it  has  been  found  in  good  rich  milk.  In  one  instance  an  orange 
diazo-compound  of  aniline  was  found  in  a  milk  that  stood  as  high  as 
17  per  cent,  in  solids.  About  i  per  cent,  of  the  milks  examined  in 
1897  were  found  to  contain  added  coloring  matter. 

Addition  of  any  foreign  substance  whatsoever,  as  well  as  having 
milk  below  the  standard,  renders  the  vendor  liable  to  fine  under  the 
law,  the  minimum  fine  being  %^o  for  the  first  offence,  ^100  for  the 
second  offence,  and  both  fine  and  imprisonment  for  a  third  or  subse- 
quent offence.  Milk  cases  naturally  furnish  the  larger  portion  of  our 
court  work. 

On  account  of  the  very  efficient  character  of  local  milk  inspection 
which  Boston  as  a  city  possesses,  the  inspectors  of  the  State  Board 
confine  their  efforts,  so  far  as  milk  and  milk  products  are  concerned, 
mainly  to  collections  outside  of  Boston.  It  sometimes  happens  that  a 
Boston  milkman  is  found  with  poor  milk  in  his  wagon,  and  is  brought 
into  court  by  the  local  city  authorities.  It  may  be  that  the  milk  dealer 
is  selling  his  milk  exactly  as  he  receives  it,  in  which  case  it  is  often 
possible  for  him  to  prove  it.  *  If  he  can  show  good  reason  for  it,  the 
case  is  delayed  long  enough  for  the  milk  dealer  to  ascertain  from  the 
contractor  of  whom  he  bought  the  milk  the  particular  farmer  who 
furnished  it.  An  inspector  of  the  State  Board  is  notified,  and  he  pro- 
ceeds at  once  to  the  producer's  farm,  which  is  often  far  out  in  the 
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country,  and  makes  an  unexpected  early  morning  call  in  company  with 
the  collector  or  carrier  of  the  milk  to  whom  the  farmer  regularly  de- 
livers it.  The  State  Inspector  takes  samples  of  the  producer's  milk, 
and  if  this  is  found  poor,  it  \s  prima  facie  evidence  of  the  city  dealer's 
innocence.  The  latter  is  invariably  released  under  such  circumstances 
and  the  producer  prosecuted  by  the  state  authorities. 

It  is  by  no  means  true  that  all  milk  found  below  the  standard 
is  so  by  reason  of  fraudulent  or  wilful  adulteration.  There  are  cows 
which  through  poor  feeding  or  otherwise  give  milk  below  the  legal 
standard.  Then,  too,  through  the  carelessness  of  the  milkman  in 
not  properly  mixing  his  milk,  he  may  pour  off  the  top  of  the  can 
which  contains  the  cream,  with  the  result  that  the  remainder  is  left 
below  the  standard. 

It  has  been  said  that  in  case  of  foods  other  than  milk,  the  analyst 
reserves  a  sample  of  every  adulterated  food,  to  be  sealed  and  deliv- 
ered to  the  defendant  if  requested  to  do  so,  for  purposes  of  an  inde- 
pendent analysis.  In  the  case  of  milk,  however,  when  an  inspector 
takes  a  sample  from  a  dealer,  the  inspector  is  obliged  to  give  back 
to  the  dealer  a  sealed  sample,  if  requested  to  do  so  at  the  time  of 
the  taking. 

Various  tricks  are  resorted  to  by  milkmen  to  avoid  being  caught 
with  adulterated  milk.  In  one  instance  an  inspector  found  on  a  milk 
wagon,  among  the  regular  cans,  a  suspiciously  marked  8-quart  can  con- 
taining what  proved  to  be  a  mixture  of  water,  salt  and  caramel.  Its 
obvious  purpose  was  to  both  water  and  color  at  the  same  time  milk 
given  out  in  small  cans  from  house  to  house.  This  method  of  "  doc- 
toring "  the  milk  at  the  time  of  its  delivery,  was  a  clever  dodge  on  the 
part  of  the  dealer,  in  that  the  milk  taken  from  the  wagon  was  found 
to  be  of  good  quality. 

Preservatives  of  various  kinds  are  now  often  found  in  milk.  The 
use  of  preservatives  is  on  the  increase  in  this  country,  a  stimulus  being 
given  to  this  form  of  milk  adulteration,  and  indeed  to  that  of  many 
other  kinds  of  food,  by  the  comparatively  recent  discovery  of  the 
remarkable  antiseptic  power  of  formaldehyde,  so  that  in  the  last  three 
years  we  find  it  in  very  general  use.  The  writer  has  found  by  experi- 
ment that  I  part  of  formaldehyde  in  50,0(X)  parts  of  milk  exerts  a  very 
appreciable  effect  on  its  keeping  qualities,  while  the  addition  of  I  part 
of  formaldehyde  to  5,000  parts  of  new  milk  has  kept  the  sample 
perfectly  sweet  for  eight  days,  where  a  sample  of  the  same  milk,  un- 
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treated,  curdled  at  the  end  of  the  second  day.  During  the  hot  sum- 
mer months  a  systematic  inspection  is  made  of  all  samples  of  milk 
collected  for  formaldehyde,  boracic  acid  and  carbonate  of  soda,  the 
three  most  common  preservatives.  Of  1,500  samples  analyzed  dur- 
ing July,  August  and  September,  1898,  2 J  per  cent,  contained  an 
added  preservative. 

The  sentiment  of  physiological  chemists  is  perceptibly  changing 
of  late  with  regard  to  the  use  of  antiseptics  in  food,  some  authorities 
€ven  going  so  far  as  to  sanction  their  use  to  a  limited  extent.  Many 
recent  experiments  in  artificial  digestion  made  by  Chittenden,  LefF- 
mann,  and  others,  on  the  toxic  effects  of  formaldehyde  and  other 
antiseptics,  which  were  considered  almost  in  the  light  of  poisons  a 
few  years  ago,  have  tended  to  show  that  some  of  these  antiseptics, 
far  from  being  harmful,  may  be  even  helpful  in  certain  of  the  digest- 
ive processes.  Much  interesting  work  is  being  done  at  the  present 
time  along  this  line.  With  such  encouragement  there  is  little  wonder 
that  the  use  of  antiseptics  is  on  the  increase,  though  at  present  it  is 
an  open  question  how  far  their  use  should  be  allowed  in  food.  In  the 
case  of  milk,  under  the  present  law,  it  can  be  stated  without  reserve 
that  the  use  of  preservatives  or  any  foreign  substance  is  illegal,  and  it 
is  doubtful  how  far  the  door  could  with  safety  be  opened  to  the  even 
limited  use  of  a  foreign  substance  in  milk,  no  matter  if  its  presence 
is  known  to  be  beneficial  in  preserving  the  milk. 

Full  analyses  have  been  made  of  all  brands  of  condensed  milks 
and  of  so-called  ''evaporated  creams"  sold  in  the  state,  and  new 
brands  are  being  constantly  examined  as  they  appear  on  the  market 
The  condensed  milks  are  very  uniformly  good,  very  little  of  the 
skimmed  variety  being  found.  The  worst  case  of  adulteration  in 
this  class  in  recent  years  was  found  in  the  "  Dewey  Brand  *'  of  con- 
densed milk,  the  label  of  which  contained,  besides  the  portrait  of  its 
eminent  namesake,  a  statement  to  the  effect  that  the  contents  was 
made  from  "the  purest  milk  in  Worcester  County."  This  sample 
was  found  to  contain  0.75  per  cent,  of  fat  (having  been  centrifugally 
skimmed  before  condensation),  corresponding  to  a  fat  in  the  original 
milk  of  0.25  per  cent.  The  evaporated  "creams"  are  in  general  con- 
densed whole  milks,  nothing  better,  i.e.,  milk  simply  condensed  with- 
out the  addition  of  cane  sugar.  Rarely  we  find  condensed  skimmed 
milks  sold  as  creams. 

As  to  the  milk  products  butter  and  cheese,  of  which  a  large  num- 
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ber  of  samples  are  examined,  the  ratio  of  adulteration  is  very  low. 
The  stringent  laws  regarding  the  sale  of  oleomargarine  are  virtually 
prohibitory,  so  that  comparatively  little  oleomargarine  is  sold  in  Mas- 
sachusetts in  stores.  Occasional  small  peddlers  still  venture  to  evade 
the  law,  in  spite  of  the  heavy  penalty  imposed  by  both  the  State  and 
the  Government  for  its  illegal  sale.  The  former  has  fixed  the  fine  at 
f  100,  and  the  latter  at  $1,000.  For  many  years  the  manufacture  and 
sale  of  oleomargarine  flourished  in  this  state  to  such  an  extent  that  it 
really  furnished  a  dangerous  competitor  to  the  product  of  the  dairy 
and  creamery.  Its  close  resemblance  to  butter  was  a  source  of  great 
temptation  to  the  dishonest  dealer,  and  it  was  very  proper  to  enact 
and  enforce  rigid  laws  to  prevent  the  fraudulent  sale  of  oleomargarine 
under  the  name  of  butter,  which  had  become  at  one  time  a  very  prev- 
alent practice ;  but  laws  of  such  stringent  character  were  passed  as  to 
practically  stamp  out  its  sale  altogether,  for,  in  accordance  with  the 
present  law,  no  oleomargarine  can  be  sold  legally  in  this  state  which  is 
colored  in  resemblance  to  butter,  even  if  it  is  sold  for  oleomargarine 
and  so  stamped  or  marked.  In  other  words,  to  be  legally  sold  it  must 
be  white  like  lard,  and  experience  has  shown  that  no  such  product 
will  be  bought  or  used.  This  is  on  some  accounts  to  be  regretted, 
in  view  of  the  fact  that  oleomargarine  has  been  demonstrated  to  be 
a  perfectly  clean  and  wholesome  food  product  when  properly  made, 
superior  in  every  way  to  poor  butter,  and  one  that  can  be  furnished 
to  people  of  moderate  means  at  a  price  considerably  below  that  of  the 
cheapest  butter.  It  is  true  that  the  people  of  Massachusetts  can  still 
buy  yellow  oleomargarine,  but  they  must  send  outside  the  state,  and 
have  it  delivered  to  them  in  the  original  packages. 

An  industry  that  seems  to  be  growing  in  Pennsylvania  and  other 
sections  of  the  country  more  than  in  New  England  (though  we  find 
the  product  in  our  markets),  is  the  manufacture  of  so-called  process 
or  renovated  butter.  To  produce  this  article  old  or  rancid  butter  is 
bought  up  at  a  very  low  price  from  stores.  It  is  first  melted  and 
the  clear  fat  (separated  from  the  curd  and  foreign  materials)  is  exposed 
to  the  air  by  spraying  devices,  and  while  still  hot  is  thoroughly  mixed 
with  fresh  whole  or  skimmed  milk,  after  which  it  is  sprayed  into  ice 
water,  which  gives  it  a  granular  consistency.  This  product,  while  per- 
fectly sweet,  lacks  the  taste  of  fresh  butter,  and  has  very  limited  keep- 
ing qualities.  Such  butter  to  be  sold  legally  in  this  state  must  be  con- 
tained in  packages  plainly  marked  "  Renovated  Butter,"  in  letters  of 
prescribed  size. 
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There  being  in  this  state  no  standard  for  fat  in  cheese,  we  almost 
never  find  in  our  markets  any  of  the  "  filled  cheese "  so  common  in 
the  west,  as  there  is  no  object  to  the  manufacturer  in  putting  in  a 
cheaper  foreign  fat  when  he  can  more  readily  cheapen  his  product 
by  skimming  his  milk.  It  is  to  be  regretted  that  we  have  no  law 
fixing  a  fat  standard  for  cheese. 

In  regard  to  other  foods  than  milk,  those  most  liable  to  adultera- 
tion  are  found  to  be  in  the  order  named  :  vinegar,  chocolate  prepar- 
ations, honey,  olive  oil,  maple  sugar  and  syrup,  spices,  cofiFee,  lard, 
molasses,  and  cream  of  tartar. 

Vinegar  is  very  commonly  adulterated.  The  law  fixes  the  standard 
at  2  per  cent,  of  vinegar  solids,  and  4J  per  cent,  of  acetic  acid. 

For  olive  oil  is  frequently  substituted  wholly  or  in  part  the  oil  of 
the  cotton  seed.  Cottonseed  oil  and  beef  tallow  are  the  adulterants 
most  commonly  found  in  lard.  The  refractometer  of  Zeiss  furnishes 
the  most  ready  preliminary  means  of  detecting  adulterants  in  butter 
and  lard,  for  which  the  instrument  was  originally  intended,  and  we 
have  extended  its  use  to  the  preliminary  examination  of  olive  oils, 
for  which  it  has  been  found  most  reliable. 

Coffee  offers  a  ready  field  to  the  skilled  manipulator,  who  uses  for 
his  materials  almost  anything  he  can  roast  and  grind,  as  peas,  pea 
hulls,  chicory,  pilot  bread,  red  slate,  etc.  A  common  adulterant  is  a 
mash  of  ground,  roasted  wheat  or  peas,  moulded  together  with  molas- 
ses  and  colored  with  red  ochre.  The  Department  possesses  a  some- 
what rare  sample  of  a  very  clever  counterfeit  in  point  of  appearance 
of  the  whole  coffee  beans.  They  contain  no  coffee  whatever,  and  con- 
sist almost  wholly  of  roasted  wheat.  They  are  moulded  so  neatly  as 
to  hardly  be  distinguishable  in  outward  appearance  from  the  genuine. 
The  microscope  is  the  chief  aid  in  coffee  analysis.  Figure  3  shows 
the  microscopical  appearance  of  pure  coffee.  Figure  4  is  a  photo- 
micrograph of  a  coffee  adulterated  with  peas  and  pea  hulls.  No  gen- 
uine coffee  appears  in  the  field. 

Coffee  substitutes  are,  as  is  well  known,  very  common.  It  is 
somewhat  amusing  to  find  former  makers  of  adulterated  coffees  now 
labelling  their  goods  **  coffee  substitutes,*'  and  calling  attention  to  the 
very  evil  effects  of  coffee  itself.  Most  of  these  contain  cereals  only, 
but  one  very  well  advertised  brand,  purporting  to  contain  nothing  but 
the  entire  wheat  kernel  roasted  and  ground,  has  also  peas  and  about 
30  per  cent,  of  that  "most  noxious  drug,"  coffee  itself. 
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the  extraction  of  the  oil.     The  free  granular  From  a  can  of  "  London  Mustard,  Extra 
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Tea  is  very  rarely  adulterated  except  by  the  substitution  of  infe- 
rior grades.  This  is  due  to  the  rigid  system  of  government  inspec- 
tion at  the  ports  of  entry. 

Perhaps  in  no  class  of  goods  has  the  really  scientific  adulteration 
of  food  been  carried  to  such  an  extent  as  in  spices.  Here  it  has  be- 
come a  fine  art.  Indeed  in  many  cases  not  only  the  appearance,  but 
also  the  taste  of  the  carefully  adulterated  article  are  so  closely  counter- 
feited as  to  even  tend  to  deceive  the  expert.  Here,  as  in  the  case  of 
coffee,  the  microscope  is  the  analyst's  chief  reliance,  but  where  twenty 
years  ago  it  was  only  necessary  for  the  dishonest  manufacturer  to  mix 
anything  whatever  that  could  be  ground  and  colored  in  physical  resem- 
blance to  the  spice  in  question,  now,  to  keep  pace  with  advanced  meth- 
ods, he  frequently  seeks  out  something  that  resembles  the  genuine  in 
the  microscopical  appearance  as  well.  As  examples  of  this,  there  are 
various  inert  barks  that  in  some  degree  resemble  the  structure  of  the 
cassia  bark.  Sawdust  of  soft  wood  is  not  unlike  the  wood  fiber  of 
the  ground  ginger  root,  and  buckwheat  starch  presents  an  appearance 
that  might  possibly  be  mistaken  under  the  microscope  for  the  starch 
of  pepper  to  a  casual  observer.  Figure  5  shows  these  two  starches, 
buckwheat  and  pepper,  in  the  same  field.  Naturally  these  cheap 
materials  are  favorite  adulterants  of  the  spices  in  question,  but  for- 
tunately a  careful  examination  will  not  fail  to  detect  them.  The 
adulterants  of  spices  are  legion.  Cassia,  cloves  and  allspice  are 
found  to  contain  as  adulterants  wheat,  corn,  ground  barks  of  various 
kinds,  and  ground  cocoanut  shells.  Wheat,  turmeric,  and  sawdust 
are  the  most  common  adulterants  of  mustard  and  ginger;  ground 
red  woods  and  cornstarch  of  cayenne,  and  buckwheat  and  ground 
olive  stones  of  pepper.  In  the  case  of  mace,  the  most  commonly 
found  adulterant  is  the  false,  or  Bombay  mace,  sometimes  called  wild 
mace.  This  is  a  cheap  variety,  and  when  ground  is  utterly  devoid  of 
taste  and  aroma.  A  spicy  taste  is  often  given  to  mixtures  of  these 
inert  materials  by  the  addition  of  a  little  pepper,  cayenne  or  ginger. 
Less  than  15  per  cent,  of  the  spices  examined  by  the  Department 
are  adulterated. 

Figures  5  to  10  illustrate  the  microscopical  appearance  of  typically 
adulterated  spices.  Figure  11,  showing  the  variation  in  adulteration 
of  spices,  has  been  inserted  because  spices  furnish  the  most  accurate 
index  of  the  work  of  the  Department  of  all  foods  regularly  examined, 
and  constitute  a  class  least  subject  to  variation.     Reasons  have  already 


34 


Albert  E.  Leach. 


been  given  to  account  for  the  fluctuation  of  the  milk  curve  in  Figure 
2.  The  food  curve  in  Figure  i  also  shows  some  erratic  variations, 
due,  among  other  causes,  to  the  fact  that  new  and  different  lines  of 
adulterated  foods  are  from  time  to  time  discovered,  so  that  one  could 
hardly  expect  a  smooth  curve.  But  the  variation  in  adulteration  of 
spices  shows  very  nearly  an  even  curve,  gradually  decreasing  from 
^^  per  cent,  of  adulteration  in  1883,  to  nearly  a  constant  level  of 
about   15  per  cent,  through  the  last  four  years. 
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Fig.  II. 
Showing  the  variation  in  percentage  of  adulterated  samples  of  spices  examined  during  16 
years. 

Until  1897  the  dealers  in  adulterated  foods  had  to  some  extent 
protection  under  the  law  in  that  they  could  legally  sell  articles  of 
food  containing  cheaper  substitutes,  provided  the  latter  were  not  in- 
jurious to  health,  and  provided  also  that  the  packages  containing  them 
were  plainly  marked  with  the  word  "mixture"  or  "compound,"  and 
sold  for  such.  As  might  be  supposed  some  of  the  worst  cases  of 
fraudulent  adulteration  have  been  practiced  under  cover  of  this  law. 
The  word  "  mixture  '*  was  seldom  used  as  being  too  palpable  a  key  to 
the  fact  that  the  goods  were  adulterated,  but  to  the  average  buyer  the 
word  "compound"  conveyed,  in  a  vague  sort  of  way,  some  form  of 
technical  preparation,  and  did  not  mean  at  all  the  admixture  of  inferior 
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ingredients.  Often  the  label  read  "compounded  for  family  use,"  or 
"warranted  the  best  compound."  Then,  too,  all  sorts  of  ingenious 
labels  were  devised  in  which  the  word  "compound"  was  so  indis- 
tinctly marked,  or  so  cleverly  interwoven  into  the  design  of  the  label 
as  to  evade  the  detection  of  the  average  purchaser.  Oftentimes  the 
word  "  pure  "  appeared  in  very  prominent  type  on  packages  of  these 
grossly  adulterated  foods,  while  the  word  "  compound "  was  indis- 
tinctly stamped  in  some  obscure  corner  of  the  package  to  purposely 
evade  notice.  The  law  fortunately  required  the  word  "compound" 
to  be  distinctly  marked,  so  that  many  a  fine  has  been  paid  in  the 
courts  by  the  evaders  of  this  law.  In  1 897  the  law  was  changed,  so 
that  those  who  would  sell  this  class  of  goods  legally  must  have  on  the 
label  both  the  names  of  the  ingredients  and  the  percentage  as  well. 
Among  this  class  of  compound  articles  might  be  mentioned  cer- 
tain brands  of  jelly,  which,  while  they  are  claimed  by  their  manufac- 
turers to  be  properly  marked,  in  that  the  percentage  of  ingredients  is 
stated,  are  yet  obvious  attempts  to  deceive,  being  labelled  "  Currant 
Jelly,"  "  Raspberry  Jelly,"  etc.,  when  as  a  matter  of  fact  there  is  no 
currant  or  raspberry  present.     The  label  reads  as  follows : 

Prepared  from  ^ 

Fruit  jaice      ••••••••.  365 

Grape  sugar 385 

Cane  sugar •    •    •    .  250 

1,000 

The  general  term  "fruit  juice"  neglects  to  inform  the  purchaser 
that  the  fruit  used  is  not  currant  or  raspberry,  but  apple  juice,  derived 
from  boiling  up  the  cores  and  parings  of  canning  factories.  These 
jellies  are,  as  a  rule,  harmless  and  palatable,  and  indeed  from  their 
cheapness  are  to  be  encouraged,  but  they  should  be  properly  marked ' 
so  as  not  to  masquerade  under  the  names  of  fruits  which  they  do  not 
contain.  Such  jellies  have,  as  a  rule,  only  enough  cane  sugar  for 
sweetening,  being  chiefly  mixtures  of  apple  juice  and  commercial 
glucose,  colored  with  an  aniline  dye. 

Molasses,  honey,  and  maple  syrup  find  a  ready  adulterant  in  com- 
mercial glucose.  Its  presence  and  approximate  amount  is  readily  de- 
termined by  the  polariscope.  The  presence  of  honeycomb  is  by  no 
means  a  guaranty  of  the  genuineness  of  a  honey,  it  being  often  found 
in  alleged    honeys   consisting   almost  wholly  of   commercial  glucose. 
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There  is  among  the  curiosities  of  the  Department  a  sample  sold  for 
honey,  which  contains  not  only  honeycomb,  but  also  a  dead  bee.  In 
spite  of  these  evidences  of  purity,  there  is  no  honey  at  all  in  the 
sample,  which  is  a  mixture  of  cane  sugar  and  commercial  glucose. 

Maple  sugar  and  syrup  are  also  frequently  adulterated  with  cane 
sugar  other  than  maple,  commonly  called  brown  or  molasses  sugar. 
Maple  syrup  sometimes  contains  an  admixture  of  corn  or  glucose 
syrup. 

Less  than  3  per  cent,  of  the  samples  of  cream  of  tartar  brought 
in  for  analysis  are  adulterated.  The  adulterants  usually  employed  are 
gypsum,  corn  starch  and  acid  phosphate  of  lime. 

Baking  powders  are  considered  adulterated  if  they  contain  alum, 
and  many  of  the  cheaper  brands  are  found  to  have  it  in  more  or  less 
quantity. 

Canned  goods  are  examined  for  salts  of  tin  and  lead.  The  latter 
are  rarely  found  to  any  appreciable  extent,  because  the  can  is  in  most 
cases  so  constructed  as  to  expose  little  or  no  lead  to  the  contents. 
Tin  salts  are,  however,  generally  found  in  the  contents  of  acid  fruit 
and  vegetables  put  up  in  tin  cans.  A  clue  to  the  quantity  of  tin  dis- 
solved can  be  had  from  an  examination  of  the  interior  of  the  can, 
noting  the  extent  of  the  corrosion.  The  largest  amount  of  tin  found 
in  a  single  can  of  fruit  was  0.27  grams  of  SnOj.  This  amount  was 
found  in  a  can  of  blueberries,  and  the  corrosion  on  the  interior  of  the 
can  was  very  marked,  as  shown  hi'  Figure   12. 

Under  the  heading  of  canned  goods  should  be  mentioned  the  new 
provision  of  1899,  with  regard  to  canned  peas  and  beans  which  have 
been  dried  and  soaked  out  before  canning.  It  had  become  quite  com- 
mon, especially  in  the  case  of  peas,  to  take  those  that  have  become 
old  and  dried,  and  utilize  them  for  canning  purposes  under  some  such 
name  as  "Choice  Early  June  Peas,"  such  brands  being  sometimes  sold 
at  a  very  low  price.  The  law  now  provides  that  such  canned  goods  to 
be  sold  legally,  shall  have  plainly  marked  on  the  label  of  the  can  the 
words  **  Soaked  Goods  "  in  letters  of  a  prescribed  size.  Many  brands 
of  such  goods  are  found,  however,  on  the  market  either  not  marked 
at  all  with  the  word  "  soaked,"  or  so  illegibly  as  not  to  be  apparent, 
and  a  number  of  prosecutions  have  been  brought  of  late  on  these 
goods. 

Lead  is  often  found  in  the  soft  metal  disks  forming  the  stoppers 
of   glass   jars  and  bottles  in  which  the  cheap  carbonated  drinks  are 
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sold,  as  well  as  in  the  wrapping  foils  of  various  foods.  A  cream 
cheese  wrapping  foil  contained  as  high  as  85  per  cent,  of  lead;  3  per 
cent,  is  the  danger  limit  for  lead  in  such  wrapping  foils  as  fixed  by 
law  in  France,  and  it  would  be  well  if  a  similar  law  were  passed  in 
this  state. 

French  vegetables,  as  peas,  beans,  etc.,  greened  by  boiling  with 
copper  sulphate,  are  common  in  our  market,  but  those  who  wish  to 
sell  these  goods  in  accordance  with  the  law  mark  their  cans  in  such 
a  manner  as  to  indicate  the  fact.  This  has  been  the  result  of  prose- 
cution by  the  Board. 

The  miscellaneous  foods  examined  by  the  Department  from  time 
to  time  are  very  varied,  and  space  will  permit  mentioning  only  a  few  of 
the  most  typical.  Canned  corn  has  been  found  to  have  been  bleached 
with  sulphite  of  soda.  Condiments,  as  ketchups,  sauces,  etc.,  are 
often  found  to  be  preserved  with  salicylic  or  benzoic  acid.  Salt  cod- 
fish, oysters,  and  tripe  are  frequently  found  to  be  preserved  with 
boracic  acid.  Bologna  sausages  are  often  colored  with  aniline  dyes 
(Bismarck  brown  being  a  favorite  color)  and  preserved  with  boracic 
acid. 

The  use  of  preservatives  in  foods  in  general  is  certainly  on  the 
increase.  A  preparation  sold  under  the  name  of  "  Preservaline  "  was 
a  short  time  ago  put  on  the  market.  This  was  sold  in  neat  paper 
boxes  and  advertised  as  "an  excellent  preservative  for  keeping  cider, 
vegetables,  preserves,  jellies,  jams,  mincemeat,  grape  juice,  etc."  On 
examination  it  proved  to  be  salicylic  acid.  According  to  directions 
accompanying  the  sample,  three  measures  of  the  preservative  are  to 
be  dissolved  in  a  quart  of  water,  the  measure  being  a  small  paper  cyl- 
inder contained  in  the  package.  Fruits  and  berries  are  to  be  packed 
raw  in  jars  or  cans,  and  enough  of  the  "preservaline"  solution  poured 
over  them  to  cover  them  entirely,  particular  attention  being  called  to 
the  fact  that  it  is  not  necessary  to  cook  the  fruit  at  all,  or  even  to  seal 
the  cans,  the  sugar  for  sweetening  being  added  directly  to  the  preserv- 
ing solution.  This  solution,  made  up  as  directed,  is  practically  a  satu- 
rated solution  of  salicylic  acid,  in  which  the  uncooked  fruits  and  vege- 
tables are  soaked  till  used.  In  the  case  of  fruits  thus  preserved  that 
are  to  be  eaten  without  subsequent  cooking,  such  as  berries  and  the 
like,  wherein  the  fruit  juice  mingles  with  the  acid  solution,  it  will  be 
seen  that  the  amount  of  salicylic  acid  taken  into  the  system  is  rela* 
tively  large. 
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Vanilla  extracts  are  quite  extensively  adulterated.  Instead  of  being 
produced  from  the  essence  of  the  vanilla  bean,  a  large  proportion  of 
those  on  the  market,  especially  of  the  cheaper  brands,  owe  their  flavor- 
ing efficiency  to  coumarin,  derived  from  the  Tonka  bean. 

Cooking  utensils  have  been  examined  in  large  numbers  for  arsenic 
in  the  glaze,  but  with  negative  results,  antimony  being  quite  commonly 
found,  but  not  arsenic. 

Toys  are  very  properly  included  in  our  list  of  suspected  articles 
to  be  examined,  because  under  the  law  much  could  be  done  to  sup- 
press their  sale  if  the  coloring  matters  employed  really  were  injurious. 
A  large  number  of  highly  colored  imported  toys,  such  as  dolls  and 
wooden  playthings  of  various  kinds  used  commonly  by  very  young 
children,  have  been  examined  for  arsenic  and  other  poisonous  colors, 
but  were  found  invariably  free  from  anything  at  all  harmful.  Lead 
pigments,  as  chrome  yellow  and  red  lead,  are  frequently  found  in  iron 
mechanical  toys  used  by  older  children,  who  could  hardly  be  expected 
to  be  injured  thereby. 

As  an  example  of  a  commercial  fraud  pure  and  simple,  a  so-called* 
egg  substitute  easily  takes  the  lead.  It  is  called  "  N'  Egg,"  and  is 
contained  in  two  little  boxes,  one  having  a  white,  the  other  a  yellow 
powder,  being  advertised  to  contain  the  "nutritive  equivalent  of  the 
whites  and  yolks  of  one  dozen  fresh  eggs,  and  based  on  a  careful 
scientific  analysis  of  natural  eggs."  They  are  alleged  to  "differ  in 
composition  as  do  the  whites  and  yolks  of  eggs."  Both  powders  con- 
sist of  tapioca  starch,  this  being  the  sole  ingredient  of  the  "  whites," 
while  the  "yolks"  differ  from  the  other  only  in  being  colored  with 
Victoria  yellow. 

Diabetic  flour,  depending  for  its  therapeutic  value  on  the  absence 
of  starch,  is  a  food  little  used,  to  be  sure,  by  the  people  at  large,  but  of 
all  articles  this  preparation  should  be  what  it  purports  to  be,  since 
it  is  the  mainstay  of  a  considerable  number  of  unfortunate  people 
who  pay  a  large  price  per  pound  for  it.  During  the  present  year 
(1899)  thirteen  brands  of  alleged  diabetic  flour  were  examined,  no 
less  than  ten  of  which  (or  nearly  80  per  cent.)  were  found  to 
contain  starch  where  none  at  all  should  be  present.  Seven  of 
the  ten  contained  more  than  60  per  cent,  of  starch,  being  in 
reality  nothing  better  than  whole  wheat  flour,  selling  at  from  30 
cents  to  $1.00  per  pound.  Many  of  these  brands  are  put  out 
by  dealers  in  so-called  health  foods,  and  some  are  sold  in  drug  stores. 


Character  and  Extent  of  Food  and  Drug  Adulteration,         39 

One  of  the  drug  store  samples,  purporting  to  be  "a  pure  vegetable 
gluten"  and  sold  at  50  cents  per  pound,  contained  69  per  cent,  of 
starch. 

Most  of  the  drugs  examined  are  the  pharmacopoeial  preparations 
most  liable  to  be  below  the  standard,  and  include  such  articles  as  aqua 
ammonia,  distilled  water,  chlorinated  lime,  powdered  opium,  tincture 
of  opium,  tincture  of  iodine,  precipitated  sulphur,  and  many  others ; 
also  the  medicinal  liquors  sold  in  drug  stores. 

A  drug  is  deemed  to  be  adulterated  if,  when  sold  by  a  name  recog- 
nized by  the  United  States  Pharmacopoeia,  it  does  not  conform  to  the 
standard  fixed  in  that  work ;  or  when  sold  by  some  name  not  found  in 
the  Pharmacopoeia,  but  in  some  other  well  recognized  book  on  materia 
medica,  it  must  conform  to  the  standard  laid  down  in  such  book. 
Drugs  containing  poisonous  or  injurious  substances  sold  without  being 
properly  marked  with  the  poison  label,  as  in  the  case  of  corrosive  sub- 
limate face  washes,  formed  frequent  subjects  for  prosecutions  in  court 
prior  to  1897,  since  which  time  this  class  of  work  has  been  within  the 
province  of  the  Board  of  Registration  in  Pharmacy.  It  was  found 
unsafe  to  allow  these  strong  mercurial  preparations  to  go  unmarked, 
even  though  intended  for  external  use  only,  by  reason  of  mistakes 
constantly  arising  in  the  hands  of  ignorant  persons,  especially  as  the 
labels  usually  stated  that  the  contents  of  the  bottle  were  harmless. 
So  a  law  was  passed  requiring  the  red  poison  label  with  the  antidote 
to  be  put  on  the  bottle,  and  this  law  was  at  once  evaded  by  putting 
the  poison  label  on  the  bottom  of  the  bottle  where  it  was  rarely  seen. 

Nearly  all  the  sarsaparilla  extracts  on  the  market  have  been  exam- 
ined for  presence  or  absence  of  potassium  iodide,  with  the  result  that 
some  of  these  preparations  claiming  to  have  it  were  found  without  it, 
and  vice  versa.  Various  proprietary  medicines  are  from  time  to  time 
examined  for  injurious  ingredients. 

A  large  number  of  tonics  and  bitters  have  been  inspected  for 
alcohol,  some  of  them  having  been  highly  recommended  for  temper- 
ance drinks.  Among  these  curiosities  we  find  a  "purely  vegetable 
tonic,  recommended  for  inebriates,"  which  contained  41.6  per  cent,  of 
alcohol ;  and  a  certain  brand  of  **  Sulphur  Bitters  "  so-called,  purport- 
ing to  contain  no  alcohol,  but  which,  as  a  matter  of  fact,  contained  20 
per  cent,  of  alcohol  and  no  sulphur.  A  large  number  of  opium  cures 
have  been  found  to  contain  morphine  in  varying  amounts. 

Various  brands  of  unfermented  grape  juice  are  found  to  contain 
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large  amounts  of  salicylic  acid.  Some  of  them  are  indeed  so  loaded 
with  this  drug  that  many  physicians,  if  they  knew  it,  would  hesitate 
before  recommending  their  use.  The  same  is  true  of  some  brands  of 
clam  bouillon  and  other  invalid  preparations. 

A  certain  brand  of  alleged  lime  juice,  labelled  "Santiago  West 
Indian  Lime  Juice,  Triple  Refined,"  on  examination  proved  to  be  a 
mixture  of  hydrochloric  and  salicylic  acids,  containing  no  lime  juice 
whatever. 

A  rather  unpleasant  discovery  recently  made  was  the  amount  of 
arsenic  sometimes  present  in  glycerine.  During  the  last  few  months 
all  the  glycerine  samples  collected  have  been  examined  for  arsenic^ 
with  the  result  that  more  than  half  have  been  found  to  contain 
it.  The  amount  varies  from  a  mere  trace  to  as  much  as  0.002  gram 
arsenic  in  25  grams  of  glycerine.  The  arsenic  is  present  probably" 
as  an  impurity  in  the  sulphuric  acid  used  in  the  manufacture  of  the 
glycerine. 

From  the  numerous  instances  of  typical  adulteration  cited,  and 
from  figures  given  both  in  the  case  of  foods  and  drugs,  an  impression 
might  easily  be  gained  that  the  amount  of  adulteration  is  far  in  excess 
of  what  it  really  is.  It  will  be  noticed  that  as  a  rule,  however,  the 
classes  of  food  mentioned  as  most  liable  to  adulteration  form  but  a 
small  proportion  of  the  aggregate  food  supply.  The  reasons  already 
stated  why  the  character  of  the  milk  collected  is  much  worse  than  that 
found  in  the  open  market,  applies  also  to  the  other  foods  and  drugs. 
That  is  to  say,  the  classes  of  foods  invariably  found  pure  are  let  alone 
for  the  most  part,  those  suspected  of  being  most  liable  to  adulteration 
being  the  ones  to  which  attention  is  chiefly  paid.  In  placing  the  total 
amount  of  adulterated  food  sold  in  Massachusetts  as  under  5  per  cent, 
of  the  whole,  it  must  be  borne  in  mind  that  many  of  the  staple  articles 
of  food,  as  for  instance  sugar,  flour,  and  cereals  in  general,  are  rarely 
found  to  be  adulterated  at  all. 

The  photomicrographs  accompanying  this  paper  were  made  by  the 
late  Dr.  Charles  P.  Worcester,  former  analyst  of  the  Board,  and  have 
appeared  in  modified  form  in  Annual  Reports  of  the  State  Board  of 
Health. 
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TEMPERATURES  AT  WHICH  CERTAIN  FERROUS  AND 
CALCIC  SILICATES  ARE  FORMED  IN  FUSION,  AND 
THE  EFFECT  UPON  THESE  TEMPERA  TURES  OF  THE 
PRESENCE  OF  CERTAIN  METALLIC  OXIDES} 

By  H.  O.  HOFMAN. 

I.     Introductory. 

In  the  blast-furnace  smelting  of  lead,  copper  and  other  non-ferrous 
metals,  the  largest  part  of  the  product  obtained  is  slag.  Its  formation 
consumes  more  of  the  heat  energy  of  the  fuel  charged  than  any  other 
chemical  reaction  that  takes  place.  It  is  therefore  of  importance  to 
know  at  what  temperatures  the  different  slags  will  form,  so  as  to  be 
able  to  choose  in  a  given  case  the  slag  that  will  form  at  the  right 
point  in  the  operation,  will  keep  the  products  thoroughly  fluid,  so  as 
to  insure  a  satisfactory  separation,  and  will  permit  the  consumption  of 
fuel  to  be  reduced  to  the  lowest  practicable  point.  While  practical 
experience  has  brought  out  in  a  general  way  the  leading  differences  as 
to  the  formation  temperatures  of  some  silica-iron-lime  slags,  accurate 
details  are  still  wanting.  The  object  of  the  investigation  here  de- 
scribed was  to  supply  some  of  these.^ 

Prominent  among  the  men  who  have  worked  on  the  fusibility  of 
silicates  are  Lampadius,^  Sefstrom,*  Berthier,*  Percy-Smith,®  Bischof,'' 
Plattner,*  Akerman,*  Howe,^^  and  Gredt.^^ 


'  Reprinted  from  Transactions  of  the  American  Institute  of  Mining  Engineers,  Califor' 
nia  Meeting,  September,  1899. 

'The  expenses  of  this  investigation  were  defrayed  by  the  American  Academy  of  Arts- 
and  Sciences  from  the  income  of  the  C.  M.  Warren  Fund  for  Chemical  Research. 

3  Journal  des  Mines,  1809,  xviil,  171;   also  Handbuch  der  AUgemeinen  Hiittenkunde, 
Gottingen,  H.  Dieterich,  1801-1810,  i,  127. 

^  Jemkontorets  Annaler,  1828,  i,  1 55 ;  also  Erdmann's  Journal  fiir  Technische  und  OekO' 
nomische  Chemie,  1831,  x,  145. 

>  Trait^  des  Essais,  Paris,  1834,  i,  43a 

*  Percy,  Fuel,  London,  1875,  59. 

^Dingler's  Polytechnisches  Journal,  1862,  clxv,  378. 

'Merbach,  Die  Anwendung  der  Erwarmten  Geblaseluft  in  der  Metallurgie,  Lelpsic, 
1840,  p.  228. 

9 Jemkontorets  Annaler,  1886,  p.  i;  also  Stahl  und  Eisen,  1886.  pp.  281,  387;  "Graph- 
ical Representation,'*  by  Howe,  Trans.  Amer.  Inst,  of  Mining  Engineers,  xxviii,  p.  346. 

"Trans.  Amer.  Inst,  of  Mining  Engineers,  xviii,  724. 

"Stahl  und  Eisen,  1889,  ix,  p.  759;  Akerman's  critique,  id.,  1800,  p.  424. 
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In  the  earlier  researches,  the  criterion  of  fusibility  was  the  time 
that  a  mixture  or  slag  was  exposed  to  a  heat,  or  the  kind  of  furnace 
in  which  the  experiment  was  carried  on.  Bischof,  in  determining  the 
melting  points  of  some  silicates  of  iron,  lime,  magnesia,  and  alumina^ 
used  the  melting  points  of  iron  and  cast  steel  for  measuring  temper- 
atures. Plattner,  in  working  on  the  formation  and  melting  tempera- 
tures of  some  lead  and  copper  slags,  used  gold-platinum  fusion 
pyrometers.  While  his  original  figures,  based  upon  the  calculated 
melting  temperatures  of  the  gold-platinum  alloys  are  very  much  too 
high,  his  results  become  approximately  correct  if  the  melting  points 
of  the  alloys,  as  determined  by  Erhard  and  Schertel,^  are  substituted. 
Plattner  used  clay,  iron,  and  brasqued  crucibles,  which  cannot  but 
have  had  a  decided  influence  in  changing  the  composition  of  the 
mixtures  fused  in  them.  Akerman  and  Howe  employed  the  calori- 
metric  method  in  their  work  on  iron  blast  furnace  slags,  and  Gredt 
finally  made  use  of  Seger  cones  (of  which,  more  later  on)  in  studying 
the  influence  of  magnesia  upon  alumina-lime  silicates. 

The  investigation  constituting  the  subject  of  this  paper  was  begun 
in  1895,  and  continued  in  1898.  The  preliminary  work  was  done  by 
Mr.  W.  C.  Powers,  a  student  in  the  chemical  department  of  the  Insti- 
tute of  Technology,  and  the  final  work  by  Mr.  A.  L.  Davis,  first  as 
student  in  the  Department  of  Mining  and  Metallurgy  of  the  same 
institution,  and  then  as  the  writer's  private  assistant. 

II.     Materials. 

The  slags  made  in  smelting  non-ferrous  metals  in  the  blast  furnace 
consist  mainly  of  silica,  ferrous  oxide,  and  lime,  the  ferrous  oxide  being 
occasionally  replaced  to  some  extent  by  manganous  oxide,  the  lime  by 
magnesia,  baryta,  and  zinc  oxide,  and  the  silica  and  lime  by  alumina. 
These  compounds,  therefore,  formed  the  materials  on  which  the  exper- 
iments were  based. 

Silica,  —  For  silica,  pure  crystallized  quartz  from  Chester,  Massa- 
chusetts, was  chosen.  It  was  ground  to  pass  through  a  lOO-mesh 
sieve,  boiled  with  nitro-hydrochloric  acid  until  all  soluble  iron  had 
been  removed,  and  then  washed  with  distilled  water  until  sweet.  An 
analysis  gave  99. 8  per  cent.  SiO,,  and  the  powder  was  used  as  if  it 
had  been  chemically  pure. 


'  Freiberger  Jahrbuch,  1879,  P*  154* 
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Ferrous  Oxide,  —  Two  methods  for  obtaining  the  iron  in  the  fer- 
rous state  were  considered  —  the  decomposition  of  ferrous  oxalate  by 
heating,  and  the  reduction  of  magnetic  oxide  by  means  of  metallic 
iron. 

Ferrous  oxalate,  FeC204  +  2H2O,  is  a  lemon-yellow  powder, 
formed  upon  the  addition  of  oxalic  acid  to  a  solution  of  ferrous  sul- 
phate, and  is  an  article  of  commerce.  It  is  stable^  at  an  ordinary 
temperature  even  when  moist.  At  150°  to  160°  C.  it  gives  up  one- 
half  of  its  water.  According  to  Birnie,^  it  gives  up  all  its  water  below 
200®  C.  when  heated  in  a  current  of  nitrogen,  and  is  completely  de- 
composed at  300°  C.  The  reaction  does  not,  as  might  be  expected, 
quite  correspond  to  the  formula 

FeC^O^  +  2H,0  =  FeO  +  CO  +  COj  +  2HaO. 

The  black  residue  of  ferrous  oxide  contains  i  to  1.5  percent,  of 
carbon,  and,  as  a  rule,  0.3  to  2  per  cent,  of  metallic  iron  ;  and  there 
are  five  volumes  more  of  carbon  dioxide,  and  five  volumes  less  of  car- 
bon monoxide  than  the  equal  volumes  called  for  by  the  equation.  It 
was  believed  (and  the  experiments  proved  it)  that,  if  the  tests  were 
made  in  a  strongly  reducing  atmosphere,  vitreous  slags  showing  no 
magnetic  property  whatever  could  be  obtained.  As  we,  however,  did 
not  always  succeed  in  producing  an  absolutely  reducing  atmosphere  in 
the  crucible,  many  of  the  slags  formed  were  more  or  less  attracted 
by  the  magnet.  They  were  usually  black  to  brown ;  occasionally  they 
showed  a  reddish  tinge,  suggesting  a  partial  oxidation  of  the  iron  to 
the  ferric  state.  The  luster  on  a  fresh  fracture  was  vitreous  to  sub- 
metallic. 

The  second  method,  which  was  used  by  Berthier*  and  Plattner,* 
employs  iron  scale  as  the  source  of  iron.  The  ferrous  oxalate  was  pre- 
ferred, because  it  could  be  obtained  as  a  chemically  pure  salt,  while  the 
analyses  of  iron  scale  showed  the  presence  of  more  or  less  silica,  which 
would  have  complicated  the  calculations.  Moreover,  there  seemed 
more  promise  of  getting  the  iron  in  the  ferrous  state  from  a  ferrous 
salt  than  through  the  reduction  of  the  magnetic  oxide  by  the  use  of 
finely  divided  metallic  iron. 


'  Ladenburg,  Handworterbuch  der  Chemie,  Breslau,  1890^  vol.  viii,  p.  404. 
'Receail  des  Travauz  Chimiques  des  Pays-Bas,  1883,  vol.  ii,  p.  273;  abstract  in  Jahret* 
bericfate  iiber  die  Fortschritte  der  Chemie,  1883,  p.  1045. 
'Op.  dt.,  p.  445. 
*Op.  dt.,  p.  309. 
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Manganous  Oxide^  etc.  —  For  manganous  oxides,  lime,  magnesia,, 
and  baryta  the  chemically  prepared  pure  carbonates  were  used,  and 
for  zinc  oxide  and  alumina,  the  chemically  prepared  pure  oxides. 


III.     Measurement  of  Temperature. 

As  the  aim  of  the  investigation  was  to  determine  formation  tem- 
peratures, the  calorimetric  method  used  by  Akerman  and  Howe  was 
excluded,  as  it  gives  only  the  melting  points  of  the  formed  slags.  But 
even  when  these  are  to  be  determined,  the  calorimetric  method  cannot 
well  be  used  with  ferrous  slags,  owing  to  the  difficulty  of  finding  a 
suitable  crucible  material.  A  clay  crucible  is  attacked  by  the  slag; 
an  iron  crucible  is  liable  to  increase  the  percentage  of  iron ;  a  brasqued 
crucible  causes  some  iron  to  be  reduced  to  the  metallic  state ;  and, 
lastly,  a  platinum  crucible  ^  when  heated  in  a  smoky  flame,  is  damaged 
through  the  formation  of  a  carbide  of  platinum,  which,  being  oxidized 
by  other  parts  of  the  flame  containing  unconsumed  air,  becomes  cov- 
ered with  blister-like  excrescences.  Again,  at  a  temperature  above 
1430°  C.  (Seger  cone  No.  15)  platinum  is  attacked  by  the  silicates, 
a  silicide  of  platinum^  being  formed,  which  is  readily  fusible.  It  is 
not  improbable  that  some  iron  is  reduced  to  the  metallic  state  and  be- 
comes alloyed  with  the  platinum,  as  the  places  where  the  slags  have 
been  in  contact  with  the  platinum  at  this  high  temperature  are  rough 
and  purplish-red  to  black  ;  .and  this  change  is  not  superficial,  but  pen- 
etrates the  platinum,  which  becomes  very  brittle. 

The  thermo-electric  pyrometer  of  Le  Chatelier,  which  is  one  of 
the  standards  for  heat-measurement,  was  experimented  with.  The 
slag  mixture  was  moistened  with  a  solution  of  dextrine,  pressed  around 
the  junction  in  the  form  of  a  small  ball,  and  heated  slowly  after  it  had 
been  dried.  The  readings,  however,  were  unsatisfactory,  as  it  was 
difficult  to  fix  the  point  at  which  the  deflection  of  the  galvanometer 
stopped;  moreover,  particles  of  the  mixture  dropped  off  from  the 
junction ;  and,  lastly,  the  smoky  flame  weakened  the  wires  to  such 
an  extent  that  they  broke  off  by  their  own  weight. 

'  See  also  Roscoe-Schorlemmer,  A  Treatise  on  Chemistry,  New  York,  iSSd  vol*  ii*  part 

ii.  P-  399- 

'Barus,  Bulletin  No.  54,  U.  S.  Geol.  Survey,  Washington,  1889,  p.  187,  and  Graham- 
Otto,  Anorganische  Chemie,  Brunswick,  1889,  vol.  iv,  part  ii,  p.  1,267. 
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The  second  method  tried  was  the  employment  of  Seger  cones.^ 
It  proved  satisfactory,  and  was  used  throughout  the  experiments. 
Seger  cones  furnish  the  most  valuable  means  for  controlling  the  tem- 
perature of  a  furnace  in  which  mechanical  mixtures  are  to  be  con- 
verted into  chemical  compounds  by  the  use  of  heat.  As  a  complete 
table  of  these  cones  has  not  yet  appeared  in  the  Transactions^  the 
latest,  as  restandardized  by  Hecht  with  the  Le  Chatelier  pyrometer, 
is  here  given  in  Table  I. 

Seger  cones  have  the  form  of  three-sided  pyramids.  Nos.  022  to 
25  are  3  inches  high,  with  a  base  \  inch  wide,*  Nos.  26-36  are  J|^  inch 
high,  with  a  base  |  inch  wide.*  Each  cone  has  its  number  stamped 
on  the  side,  which  usually  remains  uppermost  when  the  cone  bends 
over  in  melting.  The  order  of  numbering  is  peculiar,  and  is  caused 
by  the  way  in  which  the  cones  were  brought  out.  When  Seger  found 
that  gold-platinum  alloys  with  over  15  per  cent,  of  platinum  showed 
segregation  in  melting,  and  wanted  to  substitute  fusible  mixtures 
used  in  glazing  porcelain,  he  started  with  the  most  fusible  one: 

^2^  I  0.5  AlaOg,  4SiOa. 


f  0.3  K^O  ) 
(  0.7  CaO  j 


*  Thonindustrie-Zeitung,  1885,  104,  121;  1886,  135,  145,  168,  229;  1887,  2,  40,  42,  52,  81, 
83,  125,  185,  197;  1888,  61,  152,  162;  1889,  102;  1892,  155,  294;  1893,  i»252,  1,281,  1,337, 
1,341 ;  1894,  89,  90,  206;  1895,  73.  88,  117,  803;  1896,  I,  275,  293;  1898,  670,  1,045.  The 
Clay- Worker,  1896,  xxv,  261;  1897,  xxviii,  iii.  Trans.  American  Institute  of  Mining 
Engineers,  xxiv,  49,  54;  xxv,  4,  8;  xxviii,  435,  440.  Tecknolo^  Quarterly ^  vi,  301 ;  viii,  63; 
xi,  255,  261.  i8th  Annual  Report  U.  S.  Geol.  Survey,  1897,  part  v,  "Mineral  Resources," 
p.  1,125. 

*  Illustration,  see  Trans.  American  Institute  of  Mining  Engineers,  xxiv,  p.  65,  or  Tech- 
ndogy  Quarterly^  vi,  fig.  13,  p.  323. 

^  lUustration,  see  Trans.  American  Institute  of  Mining  Engineers,  xxv,  p.  8,  or  Tech- 
nology Quarterly^  viii,  fig.  4,  p.  68. 
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Table  L  — SEGER  CONES.- 

—  CoKcluded, 

No.  of  cone. 

Composition. 

Melting  point. 

OF. 

<>C. 

8 

C  0.3  K,0  ] 
)  0.7  CaO 

as  AlsOs 

8 

SiOs 

2,354 

1,290 

9 

( 0.3  KsO 
)  0.7  CaO 

a9  AlsO, 

9 

SiOs 

2,390 

1,310 

10 

(03  KsO 
}  0.7  CaO 

1.0  AlsOg 

10 

SiOs 

2,426 

1,330 

11 

j  0  3  KsO 
}  0.7  CaO 

1.2  AlsOs 

12 

SiOs 

2,462 

1,350 

12 

j  0.3  KsO 
\  0  7  CaO 

1.4  AlsO, 

14 

SiOs 

2,496 

1,370 

13 

j  0  3  K,0 
]  07  CaO 

1.6  AlsOs 

16 

SiOs 

2,534 

1,390 

14 

( 03  KsO 
}  0.7  CaO 

1.8  AlsOs 

18 

SiOs 

2,570 

i,4ia 

15 

{ 0  3  KsO 
1  0.7  CaO 

2.1  AIsOs 

21 

SiOs 

2,606 

1,430 

16 

J  0.3  KsO 
}  0.7  CaO 

2.4  AlsOt 

24 

SiOs 

2,642 

1,450 

17 

\  0.3  KsO 
\  0.7  CaO 

2.7  AlsOs 

27 

SiOs 

2,678 

1,470 

18 

( 0.3  KsO 
i  0.7  CaO 

3.1  AlsOa 

31 

SiOs 

2,714 

1,490 

19 

( 0  3  KsO 
a7  CaO 

3.5  AlsOs 

35 

SiOs 

2,750 

1,510 

20 

( 0.3  KsO 
\  0.7  CaO 

3.9  AlsOs 

39 

SiOs 

2,786 

1,530 

21 

<  0.3  KsO 
1  0.7  CaO 

4.4  AlsOs 

44 

SiOs 

2,822 

1,550 

22 

J  0.3  KsO 
1  0.7  CaO 

4.9  AlsOi 

49 

SiOs 

2,858 

1,570 

23 

i  0.3  KsO 
1  0.7  CaO 

5.4  AlsOs 

54 

SiOs 

2,894 

1,590 

24 

(0.3  KsO 
)  0  7  CaO 

6.0  AlsOt 

60 

SiOs 

2.930 

1,610 

25 

( 0.3  KsO 
io.7  CaO 

6.6  AlsOs 

66 

SiOs 

2,966 

1,630 

26 

j  a3  KsO  1 
)  0.7  CaO 

7.2  AlsOs 

72 

SiOs 

3,002 

1,650 

27 

i 

( 0.3  KsO 
}  0.7  CaO  : 

20     AlsOs 

200 

SiOs 

3.038 

1,670 

28 

S###99######9 

....      1     AlsOs 

10 

SiOs 

3,074 

1,690 

29 

,.,.      1     AlsOs 

8 
6 

5 

SiOs 
SiOs 
SiOs 

3,110 
3,146 
3.182 

1,710 

30 

##94'^''   99#V#I 

....      1      AlsOs 

1,730 

31 

••• • 

....       1      AlsOs 

1,750 

32 

,..•      1      AlsOs 

4     SiOs 
3     SiOs 
2.5  SiOs 
2     SiOs 
1.5  SiOs 

3,218 
3,254 
3,290 
3,326 
3,362 

1,770 

33 

AAAAAAMA    AAAAA    J 

,...      1     AlsOs 

1,790 

34 

■  ■vvvvvv  vvvvv  % 

....       1      AlsOs 

1,810 

35 

990%9999^9^0^ * 

9  9  9  9                  ^                •  ^^"a  ^^  9 

• 

....       1      AlsOs 

1,830 

36 

0  9  0  9  ####  A  9###  1 

,...      1     AlsOs 

1,850 

•#  ** 

VVVV   wvvvw   VVVV   4 

p  V  V  *           •         ^^•a  ^^  • 

^  w            ^ 

Mots.  —  In  1898,  Hecht  (Thonind.-Zelt,  1898,  p.  670),  finding  that  the  difference  between  No«.  35  and  36  ww 
fBtlicr  large,  interpolated  aa  additional  liae,  and  also  began  to  extend  the  series  beyond  No.  36. 
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He  increased  its  fusibility  by  a  partial  substitution  of  ferric  oxide  for 
alumina,  and  obtained  a  mixture 

0.3  K,0  j  j  0.3  AI2O3  j    sjQ 

0.7  CaO  )  (  0.2  FejOj  ) 

which  melted  at  the  same  temperature  as  the  alloy  Au  90  :  Pt  10,  or  at 
1,150°  C.  This  formed  No.  i  of  his  series.  He  then  diminished  the 
fusibility  of  his  mixture,  first  by  increasing  the  ratio  of  Al^Og  :  FejOg, 
and  then  by  dropping  the  FcgOg  altogether.  After  this  he  increased 
the  ratio  of  SiOg  :  Al^Og  until  mixture  No.  27  was  reached,  which 
melted  at  about  1,670°  C.  With  mixtures  Nos.  28  to  36,  melting  at 
temperatures  ranging  from  1,690°  to  1,850°  C,  the  bases  KjO  and 
CaO  were  discarded,  and  the  ratio  AljOg  :  SiOj  were  slowly  increased. 
These  mixtures  proved  so  satisfactory  that  Cramer  and  Hecht  pre- 
pared others  for  lower  temperatures,  ranging  from  1,150°  C.  to  the 
melting  point  of  silver,  950°  C,  by  replacing  part  of  the  SiO,  with 
BjOg  and  numbered  them  010  to  01  ;  finally,  for  mixtures  below  the 
melting  point  of  silver  down  to  590°  C,  Hecht  replaced  the  CaO 
by  PbO,  and  the  K^O  by  NagO ;  he  lastly  dropped  the  FcgOg  and 
decreased  the  AI2O8  and  numbered  these  cones  022  to  01 1.^  When 
several  cones  are  placed  in  a  furnace,  the  one  with  the  lower  number 
will  always  melt  down  before  that  with  the  higher  number ;  and  the 
temperature  of  a  furnace  corresponds  to  the  cone  the  tip  of  which, 
after  bending  over,  will  touch  the  base.  The  cones,  are  however,  not 
true  pyrometers  ;  since  the  change  of  a  mixture  into  a  chemical  com- 
pound by  heating  is  not  a  function  of  temperature  alone,  but  depends 
also  upon  the  manner  of  firing,  the  time  given,  and  the  form  of  the 
furnace.  This  has  been  shown  in  a  very  interesting  manner  by  Hecht' 
in  firing  different  batches  of  porcelain  at  the  Royal  Prussian  porcelain 
factory,  and  controlling  the  operations  by  means  of  Seger  cones  and  the 
Le  Chatelier  pyrometer.  The  temperatures  given  in  the  table  corre- 
spond pretty  closely  to  the  control-measurements  with  the  Le  Chate- 
lier pyrometer,  so  long  as  the  heating  is  carried  on  slowly.  The 
advantage  of  using  Seger  cones  in  the  experiments  to  be  described 
lies  in  the  fact   that  the   cone,  a  mechanical  mixture,  is  exposed  to 

*  All  these  cones  are  imported  by  Messrs.  Eimer  &  Amend,  Third  Avenue,  New  York 
City,  at  $3.00  a  hundred;  Nos.  oio  to  20  are  furnished  at  |i.oo  a  hundred  by  Professor  Ed- 
ward Orton,  Department  of  Ceramics  and  Clay  Working,  Ohio  State  University,  Columbus, 
Ohio. 

^Thonindustrie- Zeitung,  1895,  P*  ^3» 
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accurately  the  same  influences  as  the  slag  mixture  to  be  tested ;  and 
if  this  is  made  up  into  cones  of  the  same  size  and  form  as  the  Seger, 
the  test  leaves  little  to  be  desired.     The  size  of  the  small  Seger  cone, 
Fia.  1. 


•tacit  Oas  Fur  hack. 
VEitTi«aL  sicTioB  on  c-0  no.  a. 

Scdt,  I  Acts*!  Siu 

11  by  J  inch,  was   chosen  for  the  experiments ;   and  Seger  mixture 
and  slag  mixture  were  moulded  accordingly. 

IV.     The  Furnace. 
The  furnace  used  in  the  experiments  was  that  constructed  by  Seger 
for  laboratory  work  in  testing  low-grade  clays,  porcelains,  glazes,  etc. 
Figures  i  and  2  show  vertical  and  horizontal  sections  through  the  fur- 
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nace.  The  outer  wall,  resting  on  an  annular  plate  a,  supported  by  the 
tripod  by  consists  of  two  wrought-iron  cylindrical  jackets  c  and  d^  lined 
with  refractory  clay  and  placed  one  on  top  of  the  other,  and  a  fire- 
brick cover  ^,  with  an  opening  closed  by  a  brick  fy  and  a  peephole 
closed  by  the  stopper  g.  The  plate  a  supports  by  means  of  lugs  the 
heavy  wrought-iron  pipe  A,  to  the  lower  end  of  which  is  attached 
a  stovepipe  carrying  oflF  the  products  of  combustion  into  a  chimney 


Pm.  S. 


Skocr  Ga«  Furnace. 

faenrzoNTAL  Scction  oh  A-B  Fia.  1. 
Scale,  I  Actual  Sbe. 


which  must  have  a  strong  draught.  Into  the  inside  of  the  upper  part 
fits  closely  a  support  of  refractory  material  j\  which  carries  the  annu- 
lar fire  bridge  kj  and  a  clay  plate  with  tripod  tn  bearing  the  crucible  if, 
with  its  cover  o.  The  furnace  is  heated  with  illuminating  gas  passing 
from  the  circular  main  pipe  /  into  eight  Bunsen  burners  q.  The 
admission  of  air  to  all  these  is  regulated  by  means  of  the  flat  ring  r, 
and  sliding  pins  s.  The  flames  from  the  burners  ascend  between  the 
furnace  wall  and  the  fire  bridge ;  are  deflected  by  the  roof,  and  descend 
between  the  fire  bridge  and  the  crucible ;  pass  underneath  the  crucible 
support,  and  then  downward  to  the  pipe  which  draws  off  the  products 
of  combustion.      The  furnace  can  be  started  quickly  or  slowly;  an 
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oxidizing  or  reducing  character  can  be  given  to  the  flame  ;  the  crucible 
is  uniformly  heated,  and  whatever  goes  on  in  it  can  be  observed  from 
without.  It  is  easy  to  obtain  1,400°  C.  in  thp  furnace,  and  by  running 
three  hours  it  is  possible  to  reach  1,600°  C.  The  amount  of  gas  con- 
sumed is  small,  ranging  in  these  experiments  from  30  to   150  cubic 


nm 


Tinu  of  B«tliis  In  XltiaMt. 


F  HiitTiNa-Up  FunNtci, 


feet  per  hour.  Figure  3  shows  the  increase  of  temperature  in  the 
crucible,  as  measured  with  the  Le  Chateller  pyrometer,  when  130 
cubic  feet  of  gas  was  consumed  per  hour.  The  abscissa  gives  the 
time  in  minutes  after  lighting  the  furnace;  the  ordinate,  the  pro- 
gressive rise  of  temperature  in  degrees  Centigrade.  To  these  figures 
the  room  temperature,  say  20°  C,  should  be  added  to  make  the  actual 
temperature, 

la  order  to  regulate  the  admission  of  gas  carefully,  a  dial  clock 
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was  used.     The  gas  from  the  main  passed  through  a  meter,  and  then 
through  the  dial  clock  into  the  furnace. 

Figure  4  is  a  diagram  in  which  the  abscissa  shows  the  angular 
reading  on  the  dial,  and  the  ordinate  the  corresponding  quantity  of 
gas  that  passed  through  the  cock  per  hour.     After  having  become 
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familiar  with  the  furnace,  we  found  it  possible  by  turning  on  a  certain 
flow  of  gas,  to  approximate  beforehand  the  time  when  a  certain  test 
would  be  finished.  This  is  important,  because,  when  more  than  75 
cubic  feet  of  gas  are  burned  per  hour,  it  is  not  possible  to  see  down 
into  the  crucible.  When  an  observation  is  to  be  made,  the  gas  is 
turned  down  for  a  moment  to  the  dial  point  corresponding  to  75 
cubic  feet  per  hour.  In  order  to  see  clearly,  smoked  glasses  are  neces- 
sary ;  tmts  Nos.  2,  4  and  6  proved  satisfactory,  the  darker  glass  being 
used  for  the  higher  temperature. 
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In  carrying  out  the  large  number  of  experiments  recorded  below, 
only  two  fire  bridges  and  two  crucibles,  but  a  considerable  number 
of  covers  were  required.  A  cover  will  last  only  about  ten  heats. 
An  ordinary  5-inch  Battersea  roasting  dish,  with  a  hole  bored  in  the 
bottom,  makes  a  good  cover. 

The  lining  of  the  furnace  cracked  immediately  on  starting,  prob- 
ably on  account  of  heating  up  too  quickly ;  but,  being  held  by  an  iron 
jacket,  it  is  as  good  to-day  as  it  was  at  first,  no  attempt  having  been 
made  to  fill  the  crack. 

V.     Method  of  Operation. 

In  preparing  the  cones  of  a  slag  mixture,  the  ingredients  were 
weighed  out  and  mixed  dry  in  a  porcelain  dish.  They  were  then 
moistened  on  a  glass  plate,  from  a  wash  bottle,  with  a  10  per  cent, 
solution  of  dextrine  worked  with  a  spatula  to  a  stiff  paste  and  molded 
into  the  form  of  a  small-sized  (|  inch  base,  ||  inch  height)  Seger 
cone.^  As  the  low-grade  Seger  cones  to  be  used  for  the  experiments 
are  sold  only  in  large  sizes  (|  inch  base,  2|  inch  height),  the  loose 
mixture  was  procured  and  molded  into  the  small  size  as  required. 

As  support  for  the  cones,  platinum  foil  bent  into  the  form  of  a 
tray,  with  one  side  open,  was  used.  This  tray  was  i^  inches  long, 
\\  inches  wide,  and  -^  inch  deep.  To  protect  it,  a  false  bottom  of 
scrap  platinum  was  placed  in  the  tray,  and  on  this  were  set  one  or  two 
slag  cones  with  several  Seger  cones.  When  a  fusipn  was  finished,  the 
tray,  with  the  cones  adhering  to  the  false  bottom,  was  taken  out.  The 
Seger  cones  usually  came  off  quite  easily,  as  did  occasionally  also  all 
of  the  slag  cones ;  but  generally  some  adhering  parts  could  only  be 
removed  by  treatment  with  strong  hydrochloric  acid ;  and  frequently 
heating  in  acid  potassium  sulphate,  fused  in  a  clay  crucible,  was  neces- 
sary. By  the  use  of  the  tray  with  a  false  bottom,  the  outlay  for  plati- 
num consumed  in  the  experiments  was  reduced  to  a  low  figure. 

As  it  was  essential  to  have  a  reducing  atmosphere,  a  reducing 
agent  that  would  be  readily  oxidized  was  required  in  the  crucible. 
OU  carbon  was  chosen.  It  was  cut  into  segments  and  fitted  into  the 
crucible  so  as  to  make  a  lining  2  or  more  inches  high,  and  thus  com- 
pletely to  surround  the  test.  Oil  carbon  has  practically  no  ash ;  in 
order  to  prevent  the  little  that  it  contains  from  adhering  to  the  bottom 

'  For  description  of  tools,  see  Trans.  Amer.  Inst,  of  Mining  Engineers,  zxv,  pp.  10,  1 1 ; 
or  Technology  Quarterly^  viii,  70,  71. 
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of  the  crucible,  this  was  covered  with  a  thin  layer  of  pure  alumina. 
As  a  rule,  oil  carbon  contains  some  volatile  matter  which  gives  a  thick 
smoky  flame  when  the  furnace  is  being  started  up.  It  was  noticed 
that  this  smoky  flame  reduced  the  melting  points,  the  difference  occa- 
sionally reaching  80°  C.  Since  it  was  impossible  to  grade  the  flame, 
all  experiments  were  made  when  the  crucible  had  been  freed  from 
flame,  thus  insuring  uniform  conditions. 

In  starting  the  furnace  after  the  crucible  had  been  charged,  the 
openings  for  admitting  air  to  the  Bunsen  burners  are  closed  by  moving 
the  ring  r,  Figures  i  and  2  ;  the  gas-cock  is  slightly  opened,  and  the 
gas  is  ignited.  Now  the  cover  is  put  in  place,  and  a  small  amount  of 
air  is  admitted  to  the  burners,  until  the  flame  becomes  blue.  The 
admission  of  gas  and  air  is  then  increased,  much  more,  slowly,  how- 
ever, than  is  shown  in  Figure  3,  which  represents  a  somewhat  rapid 
heating  up.  It  takes  from  one  to  three  hours  to  make  a  test,  the  time 
of  course,  varying  inversely  with  the  fusibility  of  the  mixture  in  the 
crucible. 

While  the  experiment  is  going  on,  the  cones  must  be  very  carefully 
watched.  As  soon  as  the  slag  cone  is  seen  to  be  partly  melted,  the  gas 
is  shut  off ;  the  brick  in  the  cover  is  removed ;  the  furnace  is  allowed 
to  cool  below  a  dark  red ;  the  cover  is  taken  off,  then  the  lid  of  the 
crucible  is  removed ;  the  platinum  tray  is  taken  out  with  cupel-tongs ; 
and  another  tray,  bearing  its  samples,  is  put  in  position  and  a  new  test 
is  started.  It  is  absolutely  necessary  to  stop  heating  as  soon  as  a  slag 
cone  is  seen  to  be  partially  melted ;  for,  if  the  heating  be  continued 
1 5  to  30  seconds  longer,  the  cone  will  have  flattened  out  completely^ 
and  will  often  have  become  so  fluid  as  to  run  like  water.  When  a  slag 
cone  has  thus  flattened  out,  it  is  hardly  possible  to  compare  it  with 
a  Seger  cone,  which  always  bends  over  slowly ;  but  at  the  right  mo- 
ment, just  before  flattening  out,  a  comparison  is  easy  and  accurate. 
The  Seger  cone  most  nearly  resembling  the  slag  cone  in  appearance 
at  that  moment  is  considered  to  have  the  same  melting  point. 

The  weakness  of  the  method  followed  in  these  experiments  lies  in 
the  fact  that  the  end-point  chosen  for  the  slag  cone  is  not  fixed,  but 
optional  with  the  experimenter;  thus  all  results  given  may  be  too 
high  or  too  low  by  50°  C.  But  an  end-point  having  been  settled 
upon,  and  the  experiments  being  all  carried  out  by  the  same  person, 
the  results  will  show  very  little  variation,  probably  not  more  than 
5°  C.      Some  of  the  irregularities  in  the  curves,  which  it  would  be 
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unreasonable  to  attribute  to  the  peculiar  behavior  of  certain  silicates, 
may  be  explained  by  a  greater  or  smaller  amount  of  iron  present  as 
magnetic  oxide  instead  of  ferrous  oxide,  and  thus  decreasing  the  fusi- 
bility of  the  mixture.  The  fact  that  a  slag  mixture  will  suddenly 
become  fluid  when  the  ingredients  have  been  heated  to  the  point 
where  they  unite  to  form  as  slag,  strongly  indicates  the  generally 
accepted  conclusion,  first  suggested  (it  is  believed)  by  Plattner,^  that 
the  formation  temperature  of  a  slag  is  higher  than  the  melting  point 
of  the  slag  once  formed. 

VI.     Ground  Covered  by  Experiments. 

The  sub-,  singulo-,  sesqui-,  and  bi-silicates,  being  the  ferrous  slags 
commonly  made  in  blast-furnace  work,  constituted  the  main  subject 
of  investigation.  The  data  necessary  for  making  up  the  mixtures 
were  taken  from  the  slag  table  calculated  several  years  ago  by  Profes- 
sor R.  H.  Richards  for  use  in  class  work.  (See  Table  II.)  Although 
all  the  figures  in  this  table  were  not  used,  it  is  printed  in  full  because 
it  is  new  in  technical  literature,  and  gives  facts  of  much  value  for  all 
sorts  of  slag  calculations.  It  comprises  the  ferrous  slags  ranging  from 
the  highly  basic  sub-silicate  SRO,  SiOj,  to  the  highly  acid  quadri- 
silicate  RO,  2Si02.  Each  silicate  series  starts  with  the  ferrous  sili- 
cate, free  from  calcium  oxide,  and  replaces  the  ferrous  oxide  by  4, 
8,  12,  etc.,  per  cent,  of  calcium  oxide,  until  a  practical  limit  of  the 
percentage  of  calcium  oxide  has  been  reached. 

In  the  experiments  here  described : 

1.  The  formation  temperatures  were  determined  for  the  sub-sili- 
cates 4RO,  SiOj  and  3RO,  SiO^ ;  the  singulo-silicate,  2RO,  SiO^;  the 
three-ta-four  silicate,  3RO,  2Si03 ;  the  sesqui-silicate,  4RO,  3SiOj ; 
and  the  bi-silicate  RO,  SiOj,  as  given  in  Table  II. 

2.  The  formation  temperatures  were  determined  for  a  cross  series 
of  slags,  starting  from  the  sub-silicate,  4RO,  SiOj,  and  extending  to 
the  tri-silicate,  2RO,  sSiOj  ;  the  percentage  of  ferrous  oxide  being 
kept  at  twice  that  of  calcium  oxide,  with  the  purpose  of  studying  the 
effects  of  a  steadily  increasing  percentage  of  silica. 

3.  A  singulo-silicate,  in  which  the  percentages  of  silica,  ferrous 
oxide  and  calcium  oxide  were  most  evenly  divided  (SiOj,  32.1 ;  FeO, 


*  Op.  cit,  p.  333. 
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35.9;  CaO,  32.0),  was  chosen,  and  the  effects  of  replacing  the  con- 
stituents with  manganous  oxide,  magnesia,  baryta,  zinc  oxide,  and 
alumina  were  studied. 

VII.     Record  of  Results. 

In  recording  the  results  obtained  with  the  silicate  series,  a  table 
is  given  (see  Tables  III  to  VIII)  for  each  series  of  experiments ;  and 
the  whole  is  followed  by  two  diagrams  (Figures  5  and  6).  The  tables 
show  the  composition  of  the  mixtures  in  percentages ;  the  percentages 
of  the  bases,  ferrous  and  calcium  oxide,  referred  to  the  sum  of  their 
equivalents ;  ^  the  numbers  of  the  Seger  cones  which  fused  simul- 
taneously with  the  mixtures,  and  the  corresponding  temperature  in 
degrees  C.  The  two  diagrams.  Figures  J  and  6,  give  assembled 
graphic  representations  of  the  tabulated  results.  The  object  of  cal- 
culating and  plotting  the  percentage  equivalents,  in  addition  to  the 
percentages  by  weight,  was  to  show  the  relative  fluxing  effects  by 
chemical  replacement  of  ferrous  and  calcium  oxide.  Thus,  in  taking 
as  abscissae  the  percentage  equivalents  of  FeO  and  CaO,  it  will  be 
seen  that  for  the  points  X^  in  the  curves  (III^i-VIII^)  where  the 
abscissa  is,  e.  g,^  20  per  cent.  CaO,  or  80  per  cent.  FeO,  the  SiOj  is 
combined  with  CaO  and  FeO  in  the  proportion  of  i  :  4. 

The  cross  series  is  represented  in  Table  IX,  which  gives  the  com- 
position by  weight,  the  silicate  degree,  the  numbers  of  the  Seger 
cones,  and  the  corresponding  temperatures,  and  is  followed  by  a  dia- 
gram (Figure  7). 

Tables  X  to  XXI  inclusive,  represent  the  replacement  of  the  regu- 
lar slag  constituents  in  the  basal  slag,  and  show  how  ferrous  oxide  has 
been  replaced  successively  by  ^,  |,  |  .  .  .  •  f  of  its  equivalent 
of  manganous  oxide ;  calcium  oxide  by  magnesium,  barium,  and  zinc 
oxide ;  and  silica,  and  ferrous  and  calcium  oxide  by  aluminum  oxide. 


■  Per  cent  CaO 
MoL  w't.  CaO 


4-  P^  .^^.*i_^^  =  Total,  to  be  reduced  to  loa 
Mol.  w*t.  FeO 


To  give  an  example :  In  Table  V  the  second  slag  has  the  composition  SiOg,  29.75;  FeO, 
66.25;  CaO,  4  per  cent.  Putting  the  values  for  CaO  and  FeO  into  the  above  formula,  we 
have 

JL.  4-  — i?S  =  0.071  H-  a92i  =s  0.992. 
56  72 

To  reduce  these  figures  to  percentages,  they  must  be  multiplied  by  100.8,  since  0.992  X  100.8 
=  100.  Thus,  0.071  X  100.8  =  7.1568  (given  roundly  in  the  table  as  7.2);  and  0.921  X 
foo.8  =  92.83  (given  roundly  in  the  table  as  92.80). 
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Each  table  gives  the  numbers  of  the  Seger  cones  corresponding  to 
the  fusions  with  the  degrees  C.     These  tables  are  followed  by  three 


f. 


diagrams  (Figures  8  to  lo  inclusive),  which  graphically  represent  the 
same  results. 
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Some  of  the  general  physical  properties  of  the  slags  have  already- 
been  given.     Figures  5  and  6  show  the  temperatures  at  which  the 
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different  slags  were  formed.  In  both,  the  ordinate  represents  the 
degrees  C. ;  the  abscissa  in  Figure  5  shows  the  percentage  of  calcium 
oxide  in  the  slags  by  weight,  while  in  Figure  6  the  equivalent  percent- 
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ages  of  ferrous  and  calcium  oxide  based  on  the  sum  of  the  two,  are 
given.  As  the  curves  in  Figure  6  show  the  same  general  character 
as  those  of  Figure  5,  the  discussion  of  temperatures  in  this  paper  is 
based  on  Figure  5. 


.  VPOH    FoilB*TIOII-TE>KliaTVIIE. 

Tkt  Sub-Silicate,  4RO,  SiO,.     (Table  III  and  Figure  5,  Curve  III.) 

The  formation  temperature  of  the  pure  ferrous  silicate  (SiOj, 
17.20;  FeO,  82,80)  is  1,280°  C.  A  replacement  of  FeO  oxide  by 
4  per  cent.  CaO  slightly  raises  this  temperature ;  but  with  a  further 
increase  of  CaO,  it  falls  until  the  minimum  of  1,175°  C.  is  reached 
with  20  per  cent.  CaO.  A  further  increase,  up  to  36  per  cent.  CaO, 
slowly  raises  the  formation  temperature  to  1,210°  C,  when  with  still 
more  CaO  the  curve  is  seen  to  ascend  rapidly. 
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TABLE  III.  —  Formation  of  the  Sub- Silicate,  4RO,  SiOg. 

Curves  III  and  Ilia.) 


(See  Figures  5  and  6^ 


Chbmxcal  Composition  of  Slag. 

Equivalent  Pbr  Cbnt. 
ON  2  (FeO,  CaO). 

MxLTiNG  Point. 

SiO,. 

FeO. 

CaO. 

FeO. 

CaO. 

Seger  cone 

Degrees, 

Per  cent. 

Per  cent. 

Percent. 

Percent 

Per  cent. 

No. 

C. 

17.20 

82.80 

0 

100.00 

0.00 

5! 

1.280 

17.40  ' 

78.60 

4 

93  86 

6.14 

1.285 

17.59 

74.40 

8 

87.86 

12  14 

5 

1.230 

17  77 

70  23 

12 

81.99 

18.01 

4- 

1,220 

17.99 

66  01 

16 

7625 

23  75 

3 

1 

1,200 

18  19 

61.81 

20 

70.63 

29.37 

2 

. 

1,175 

18  39 

57  61 

24 

65.14 

34.86 

2 

■ 

1,185 

18  59 

53.41 

28 

59.74 

40  26 

3- 

1.195 

18.78 

49.22 

32 

54.49 

45.51 

3 

1,190 

18  98 

45.02 

36 

49  31 

50.69 

4 

1,210 

19  19 

40.81 

40 

44.25 

55.75 

8 

1.290 

19.39 

36.61 

44 

39.29 

60.71 

14 

1,410 

19.59 

32.41 

48 

34.46 

65.54 

15  + 

1,430+- 

19.80 

28  20 

52 

29.69 

70.31 

15  4- 

1.430+ 

The  Sub-Silicaie,  3RO,  SiO^.     (Table  IV  and  Figure  5,  Curve  IV.) 

The  pure  ferrous  silicate  (SiOj,  21.70;  FeO,  78.30),  although 
more  siliceous  than  the  preceding  one,  has  a  lower  formation  tem- 
perature, viz.,  1,220®  C.  A  replacement  of  FeO  by  4  per  cent,  of 
CaO  slightly  raises  the  temperature,  while  8  per  cent,  of  CaO  bringt 
it  down  again  to  1,220®  C,  and  the  temperature  sinks  until  12  per 
cent.  CaO  is  reached,  and  then,  with  more  CaO,  suddenly  rises  from 
the  first  minimum  of  1,200°  C.  to  the  first  maximum  of  1,250®  C,  with 
20  per  cent,  of  CaO.  With  a  further  increase  of  CaO,  it  falls  to  the 
second  and  lowest  minimum  of  1,170®  C,  with  32  to  36  per  cent, 
of  CaO,  and  then  rises  quickly  with  every  small  further  addition  of 
CaO. 

In  both  the  sub-silicates,  an  addition  of  4  per  cent.  CaO  to  the 
pure  ferrous  silicate  causes  a  rise  of  the  formation  temperature,  which, 
upon  further  addition,  soon  falls  below  the  starting  point.  The  curves 
are  only  20®  C.  apart  at  1 2  per  cent.  CaO ;  they  then  diverge,  but 
come  together  again  so  as  to  coincide  (1,190®  and  1,195°  C.)  at  28  per 
cent.  CaO;  and  they  reach  their  lowest  points  (1,190°  and  1,170®  C.) 
at  32  per  cent.  CaO. 
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TABLE  IV.  —  Formation  of  the  Sub- Silicate,  3RO,  SiOj.    (See  Figures  5  and  6, 

Curves  IV  and  IVa.) 


Chbmical  Compositiok  of  Slag. 

Equivalbnt  Pbr  Cbnt. 
ON  2  (FeO,  CaO). 

Mbltimg  Point. 

SiO,. 

FeO. 

CaO. 

FeO. 

CaO. 

Seser  cone 

Deftrees, 

Per  cent 

Per  cent. 

Per  cent. 

Per  cent 

Per  cent 

No. 

C. 

21.70 

78.30 

0 

100  00 

0.00 

4i 

1.220 

21.95 

74  05 

4 

93  51 

6.49 

5 

•    1.230 

22.20 

69.08 

8 

87.17 

12.83 

H 

1.220 

22  49 

65.51 

12 

81.96 

18.04 

3 

1,200 

22  70 

6130 

16 

74  91 

25  09 

5, 

1.240 

22  95 

57.05 

20 

68  97 

31.03 

6 

1.250 

23  20 

52  80 

24 

6315 

36.85 

4 

1,210 

23  45 

48  55 

28 

57.45 

42  55 

3 

1.190 

23.70 

44  30 

32 

51.91 

48.09 

2 

1.170 

23.94 

4006 

36 

46  46 

53.54 

2 

1.170 

24.20 

35  80 

40 

4108 

58  92 

5 

1,230 

24.45 

3155 

44 

35  85 

64.15 

9 

1,310 

24.48 

27.52 

48 

30.69 

69.31 

15  + 

1.430  + 

24.95 

23.05 

52 

25.69 

74.31 

15  + 

1.430  + 

The  SingulO'Silicate^  2RO,  SiO^.     (Table  V  and  Figure  5,  Curve  V.) 

The  great  regularity  of  this  curve  is  perhaps  the  explanation  of 
the  fact  that  this  slag  has  become  such  a  favorite  in  blast-furnace 
work.  The  pure  ferrous  silicate  (SiO^,  29.20;  FeO,  70.80)  is  formed 
at  1,270°  C,  and  this  temperature  is  uniformly  lowered  with  the  re- 
placement of  FeO  by  CaO  (excepting  a  sudden  depression  between 
12  and  20  per  cent.  CaO),  until  the  minimum  of  1,130°  C.  is  reached 
with  36  per  cent.  CaO,  after  which  it  is  raised  by  further  additions  of 
CaO,  at  first  slowly,  but  then  very  quickly.  The  exceptional  depres- 
sion at  16  per  cent.  CaO  was  determined  by  repeated  experiments, 
since  it  seemed  at  first  that  12  and  20  per  cent.  CaO  ought  to  have 
been  joined  by  straight  line.  The  slag  resembles  closely  one  of 
the  standard  typical  lead  slags,  namely,  the  one  invented  by  Mr.  A. 

Filers,^ 

6FeO,  3Si02  +  2CaO,  SiO^ 

Si02,  30.61  ;  FeO,  55.10;  CaO.,  14.29  percent, 

which  is  known  to  have  a  very  low  formation  temperature  and  is  used 
with  zincose  ores  requiring  low  temperatures  and  quick  smelting. 

The  curve,  after  the  depression,  shows  how  it  is  that  singulo-sili- 
cates  high  in  CaO  can  be  advantageously  made  in  a  blast  furnace 
where  a  comparatively  low  temperature  is  to  be  maintained. 


'  See  Hofman,  Lead^  5th  Edition,  p.  276. 
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TABLE  V.  —  Formation  of  thb  Singulo- Silicate,  sRO,  SiOs.    (See  Figures  5  and  6. 

Curves  V  and  Va.) 


Chuucal  Composition  of  Slag. 

Equivalbnt  Pkr  Cbnt. 
OM  2  (FeO,  CaO). 

Mbltimg  Point. 

SiO,. 
Percent. 

FeO. 
Per  cent. 

CaO. 
Per  cent. 

FeO. 
Per  cent. 

CaO. 
Percent 

Segercone 

Degrees, 

29.20 
29.75 
30.09 
30.42 
30.76 
31. 07 
31.40 
31.70 
32.10 
32  30 
32.70 
33.10 
33.44 
33.79 

70.80 

66.25 
61.91 
57..S8 
5324 
48  90 
4460 
40  30 
35.90 
31.70 
27.30 
22  90 
18.56 
14.21 

0 
4 
8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 

100.00 
92  80 
85.75 
78.87 
72.12 
65  55 
59.12 
52  80 
46.60 
40  66 
34  67 
28  81 
23.12 
17.55 

000 
7.20 
14.25 
21.13 
27.88 
34.45 
40.88 
47.20 
53  40 
59.34 
65.33 
71.19 
76.88 
82.45 

7 
6 

2 

1 

01 

1 

3 

7 
15  + 

1,270 
1,250 
1,240 
1,220 
1,170 
1.205 
1,190 
1,170 
1,150 
1,130 
1,150 
1,190 
1,270 
1,430  4- 

The  Three-tO'Four  Silicate ,  ^RO,  2SiO^.     (Table  VI  and  Figure  5, 

Curve  VI.) 

The  pure  ferrous  silicate  (SiOj,  3570;  FeO,  64.30),  although  run- 
ning high  in  SiOj,  is  formed  at  the  low  temperature  of  1,150°  C. 
An  addition  of  CaO,  up  to  12  per  cent.,  decreases  the  temperature  to 
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the  minimum  of  1,070*^  C.  A  further  increase  in  CaO  raises  the  for- 
mation temperature  at  first  somewhat  slowly,  but  later  rapidly,  as  was 
the  case  with  the  preceding  slags. 


TABLE  VI.  —  Formation  of  the  Thrki-to-Four  Silicate,  3RO,  2SiOs.    (See  Figure* 

5  and  6»  Curves  VI  and  Via.) 


Chbmical.  Composition  op  Slag. 

Equivalbnt  Pbr  Cknt. 
OH  S  (FeO,  C«0). 

Mblting  Point. 

SiO,. 
Per  cent 

FeO. 
Per  cent 

CaO. 
Per  cent 

FeO. 
Percent 

CaO. 
Per  cent 

Segercone 

Degrees, 

35.70 
36  05 
36.40 
36  80 
37.30 
37.75 
38  16 
38.56 
38.95 
39.37 
39.78 
40.20 
40.60 
41.02 

64.30 
60  00 
5560 
5120 
46  70 
42  25 
37.84 
33  44 
29.04 
24.63 
20  22 
15.80 
1140 
6.98 

0 
4 
8 

12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 

100.00 
92.10 
84  39 

76.  as 

69.42 
62.17 
55.07 
48.17 
41.40 
34.75 
28.92 
2183 
15.63 
9.46 

000 

7.90 
1561 
23  15 
30.58 
37.83 
44  93 
51.83 
58.60 
65.25 
71.78 
78.16 
84  37 
90.54 

oii 

02 
03 
04 
03 

02 
01 

1 

J* 

3 
8 
15  + 

1,140 
IJIO 
1,090 
1.070 
1.090 
1.110 
1,130 
1.150 
1.160 
1.170 
1.190 
1.290 
1,430 

The  Sesqui'Silicate^  A^O^   '}^SiO^,     (Table  VII  and  Figure  5, 

Curve  VII.) 

The  formation  temperature  of  the  pure  ferrous  silicate  (SiO,, 
38.46;  FeO,  61.54)  is  i,i20®  C,  or  20°  lower  than  that  of  the  pre- 
ceding, less  siliceous,  three-to-four  silicate.  It  reaches  its  minimum 
at  1,060°  C,  when  8  to  12  parts  of  CaO  have  replaced  equivalent 
amounts  of  FeO.  It  then  rises  again,  intersects  the  three-to-four 
and  the  bi-silicate  curves  with  16  per  cent.  CaO,  coincides  with  the 
bi-silicate  curve  at  16  to  20  per  cent.  CaO,  and  finally  rises  with  a 
further  increase  of  CaO,  but  more  slowly  than  does  the  bi-silicate 
curve. 
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TABLE  VII.  —  Formation  of  the  Sequi- Silicate,  4RO,  3SiOs.    (See  Figures  5  and  6, 

Curves  VII  and  Vila.) 


CUSMICAL  CqMPOSITIOK  OF  SlAO. 

Equivalbnt  Per  Cbnt. 
ON  2  (FeO,  CaO). 

liBLTiifO  Ponrr. 

SiOt. 
Per  cent. 

FeO. 
Per  cent. 

CmO. 

VtT  cent. 

FeO. 
Per  cent. 

CaO. 
Per  cent. 

Seger  cone 
No. 

Degraes, 

38.46 
38  90 
39.34 
39.78 
40  22 
40.66 
41.11 
41.54 
41.99 
42.42 
42.87 
43  31 
43.75 
44.19 

61.54 
57.10 
52  66 
48  22 
43.78 
39.34 
34.89 
30.86 
26  01 
21.58 
17  13 
12.69 
826 
3.81 

0 
4 
8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 

100.00 

91.74. 
83.66 
75.76 
68.03 
60.48 
53.07 
45  82 
38  73 
31.79 
24  98 
18  26 
11.65 

0.00 

8.26 
16.34 
24.24 
31.97 
39.52 
46  93 
54  18 
61.27 
68  21 
75  02 
81  74 
88.35 

02i 
03 

051 

osj 

03 

01 

1 

it 

6 
11  + 

1.120 
1.090 
1,060 
1,060 
1,090 
1.130 
1,150 
1,160 
1.165 
1,190 
1,250 
1,330  + 

The  Bi-Silicate,  RO,  SiO^     (Table  VIII,  and  Figure  5,  Curve  VIII.) 

The  formation  temperature  of  the  pure  ferrous  silicate  (SiOj, 
45.45;  FeO,  54.55),  the  most  siliceous  that  is  made  in  blast-furnace 
work,  is  1,110°  C,  being  lower  than  that  of  any  of  the  other  slags. 
The  addition  of  CaO  up  to  8  per  cent,  brings  it  down  to  a  minimum 
of  1,030**  C. ;  but  with  more  CaO  the  curve  is  reversed  and  quickly 
ascends  in  the  temperature  scale.  While  a  bi-silicate  slag  is  rarely 
made  at  present,  it  was  a  favorite  slag  in  former  years,  when  little  if 
any  lime  was  added  to  the  ore  charge.  The  curve  shows  the  low  for- 
mation temperatures  of  slags  containing  under  10  per  cent,  of  CaO. 

The  acid  character  of  these  slags  prevented  them  from  attacking 
the  acid  furnace  material  enclosing  the  smelting  zone,  but  their  fluidity 
was  small ;  they  ran  very  slowly  from  the  furnace,  and  thus  they 
were  the  cause  of  the  small  number  of  charges  that  could  be  put 
through,  while  they  also  obstructed  the  settling  out  of  the  valuable 
products 

In  comparing  the  different  slags,  it  will  be  seen  that  the  pure  fer- 
rous silicates  always  have  the  highest  formation  temperatures ;  that  a 
replacement  of  FeO  by  CaO  reduces  these  temperatures  to  certain 
points,  but  that  with  further  additions  of  CaO  the  curves  are  reversed, 
and  the  formation  of  silicates  takes  place  at  rapidly  increasing  temper- 
atures.    The  curves  do  not  show,  as  was  hoped,  any  simple  connec- 
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TABLE  vni.  —  FoRBfATioK  of  the  Bi- Silicate,  RO,  SiO»    (Sec  Figures  5  and  6, 

Curves  VIII  and  Villa.) 


Chbuxcai.  Composition  or  Suia 

Equivalbnt  Pbr  Cbnt. 
ON  S  (FeO,  CaO). 

Melting  Point. 

SiO» 
Percent. 

FeO. 
Per  cent 

CaO. 
Per  cent. 

FeO. 
Percent. 

CO. 
Per  cent 

S^crcone 

No. 

Demee, 

45.45 

54.55 

0 

100.00 

0.00 

02 

1.110 

46.00 

50.00 

4 

90.67 

9.33 

04 

1,070 

46.53 

45.47 

8 

81.55 

18  45 

06 

1,030 

47.04 

40.96 

12 

72.65 

27.35 

05 

1.050 

47.56 

36.44 

16 

63.87 

36.13 

03 

1,090 

48.02 

31.98 

20 

5545 

44.55 

01 

1,130 

48.57 

27.43 

24 

47.09 

52.91 

2 

1,170 

49.19 

22.81 

28 

38.80 

61.20 

3 

1.200 

49  60 

18.40 

32 

30.92 

69.08 

6 

1.250 

50.11 

13.89 

36 

23.09 

76.91 

10 

1.330 

50.63 

9.37 

40 

15.41 

84.59 

15  + 

1,430 

51.14 

4.86 

44 

7.90 

92  10 

51.65 

0.35 

48 

0.58 

99.42 

51.73               0.00 

48.27 

0.00 

K)0.00 

tion  between   silicate   degree,  percentage  of  lime,  and  minimum  of 
formation  temperature. 


TAe  Cross  Series,     (Table  IX  and  Figure  7.) 

For  the  cross  series  designed  to  show  the  effect  of  an  increase  of 
silica  on  the  formation  temperature,  a  slag  was  chosen  in  which  the 
ratio  of  FeO  :  CaO  was  2  :  i,  as  in  Table  IX,  which  gives  the  chem- 
ical composition ;  the  silicate  degree,  from  O  basic :  O  acid  =  2  :  i  to 
O  basic  :  O  acid  =a  i  :  3.25  increasing  in  steps  of  0.25  ;  the  numbers 
of  the  Seger  cones  at  which  the  fusions  took  place ;  and  the  corre- 
sponding temperature  in  degrees  C. 

The  slags  at  the  basic  end  are  very  fluid  as  soon  as  the  formation 
temperature  has  been  reached,  and  are  noticeably  attracted  by  the 
magnet,  while  those  at  the  extreme  acid  end  fuse  down  slowly,  carry 
uncombined  silica,  and  are  but  slightly  magnetic. 

Figure  7  represents  graphically  the  results  of  the  tests.  It  shows 
that  from  the  silicate  degree  0.5  to  1.25  the  formation  temperatures 
show  only  a  difference  of  10°  C.  (between  1,180°  and  1,190°  C.) ;  then 
they  fall,  at  first  more  rapidly  than  afterward,  until  the  minimum  of 
1,110°  C.  is  reached  with  a  silicate  degree  of  2.50  to  2.75  ;  then  they 
rise  quickly  to  1,130°  C.  with  the  tri-silicate,  and,  at  last,  abruptly 
ascend  the  temperature  scale. 
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TABLE  IX.  —  Formation  op  Slags  in  which  the  Ratio  FeO :  CaO=s  2:1. 


Chbmical  Composition  of  Slag. 

Silicate,  degree. 

Mklting  Point. 

SiO,. 
Per  cent. 

FeO. 
Per  cent. 

CaO. 
Per  cent 

Seger  Cone. 

No. 

Deg^ 

1867 
25  61 
31.47 
36  47 
40.80 
44  55 
47  86 
50.82 
53  44 
55.81 
57.95 
59.87 

54.23 
4960 
45.68 
42  36 
39.46 
36  97 
34.77 
3278 
31.04 
29.46 
2804 
26.75 

27  10 
24.79 
22  85 
21-17 
19  74 
18  48 
17.37 
16.40 
15.52 
14.73 
14.01 
13.38 

050 
075 
1.00 
125 
1.50 
175 
200 
2  25 
2  50 
2  75 
300 
325 

3 

f 

1 
01 
02 
02j 
02 
02 
01 

9  + 

1,190 
1,180 
1,190 
1.180 
1,160 
1,140 
1,120 
1,115 
1,110 
1.110 
1.130 
1.310  + 

While  low  formation  temperatures  are  desirable  as  reducing  the 
amount  of  fuel  required,  a  slag  of  a  silicate  degree  of  2.50  to  2.75  is 
too  viscid  to  flow  freely.  Hence,  slags  less  siliceous  and  more  fluid 
are  usually  made,  even  if  the  temperatures  at  which  they  are  formed 
are  higher.  Thus  the  singulo-silicate  slag  SiOg,  31.47;  FeO,  45.68; 
CaO,  22.85  per  cent.,  corresponding  to  the  formula 

6FeO,  sSiOj,  +  4CaO,  2SiOa, 

which  is  the  one  first  made  by  A.  Eilers,^  and  is  one  of  the  best  slags 
for  smelting  lead  ores  in  the  blast  furnace. 

Replacement  of  Slag  Constituents, 

For  the  study  of  the  effect  of  some  of  the  metallic  oxides  which 
replace  silica,  ferrous  oxide,  and  calcium  oxide  in  a  blast  furnace  slag» 
a  singulo-silicate  was  chosen,  as  this  is  the  leading  slag  made  in  smelt- 
ing non-ferrous  metals.  Of  the  fourteen  singulo-silicates  given  in 
Table  II,  the  one  containing  SiOj,  32.10;  FeO,  35.90;  CaO,  32.00, 
was  selected,  because  the  three  constituents  being  about  equally 
divided,  the  largest  range  of  experiment  was  afforded,  and  also  be- 
cause the  formation  temperature,   1,150**  C,  was  low. 

In  Table  X  it  will  be  seen  that  ^  of  a  constituent  has  been  every 
time  replaced  by  an  equivalent  weight  of  one  or  more  metallic  oxides, 
until  the  latter  had  wholly  taken  the  place  of  the  original  constituent. 


'  See  Hofman,  Letul^  5th  Edition,  p.  276. 
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In  Figures  8  to  10,  inclusive,  the  original  slag,  called  basal  slag,  is 
represented  by  a  horizontal  line  corresponding  to  its  formation  temper- 
ature of  1,150"  C. 

I.  Replacement  of  FeO  by  MnO. — Table  X  gives  the  weight  of 
tbe  charges  with  numbers  of  the  Seger  cones  and  corresponding  tem- 
peratures at  which  the  slags  were  formed. 


DiunaM  SHOwma  CFricr  or  RtruiccHEnr  «f  Slm-Cohctituiht*  av  Al,  O, 


All  these  slags  were  watery ;  ranged  in  color  from  dark-gray  to 
black  (on  the  surface  frequently  dark-brown) ;  showed  a  dull  to  slightly 
vitreous  luster,  and  were  noticeably  attracted  by  the  magnet. 

The  effect  of  MnO  on  the  formation  temperature  is  clearly  seen  in 
Figure  8.  Manganese  replacing  iron  raises  this  temperature  approxi- 
mately in  proportion  to  the  degree  of  replacement.  It  is  usually  said 
that  manganese  makes  a  slag  more  fusible,  as  well  as  more  fluid ;  but 
these  experiments  show  that  the  first  statement  will  have  to  be 
reversed. 
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TABLE  X. 


CUBMICAL  COMVOMTIQII  Or  SlAG,   IN  GrAMS. 

liW.TI|f^  P^NICT. 

SiO,. 

FtO. 

VnO. 

CaO. 

Remaining. 

Replaced. 

Replacing. 

Seger  cone. 
Np. 

Deg^ 

32.10 
32  10 
32.10 
32  10 
32  10 
32  10 
32.10 
32.10 
32.10 

3590 

3141 

2693 

22  44 

17  95 

13.46 

8975 

4.487 

0.00 

•  •  •  • 

•  •  •  •  • 
4424 
8  847 
13  27 
17  69 
2212 
26  54 
3097 
35.39 

32.00 
32.00 
32.00 
3200 
32  00 
32.00 
32  00 
32.00 
32.00 

1 

J* 

3 

1150 
1.160 
1.170 
1.190 
1,180 
1,190 
1,200 
1.225 
1,250 

2.  Replacement  of  CaO  by  MgO,  BaO  and  ZhO.  —  TjMqs  XI 
to  XVII,  inclusive,  give  the  charges  used  in  making  up  the  mixtures* 
for  replacing  the  CaO  of  the  basal  slag  by  MgO,  BaO  and  ZnO,  sev- 
erally and  together.  In  the  same  manner  as  with  FeO  and  MnO^ 
i>  f,  f ,  .  .  .  etc.,  of  the  CaO  has  been  replaced  by  the  metallic 
pxides,  giving  to  tl^e  mixtures  32,  28,  24^  22,  .  •  •  etc.,  grams> 
CaO,  the  other  4,  8,  12,  etc.,  grams  being  replaced  by  equivalent 
weights  of  MgO,  BaO  and  ZnO,  respectively  (Tables  XI,  XIJ,  XIV). 
Where  two  metallic  oxides  take  the  place  of  CaO,  2,  4,  6,  .    •    .  ^tc.» 

TABLE  XI.1— Tmt  Effect  of  Replacing  CaO  with  MgO.    (Figur«  9,  Curve  i^ 


Chemical  Compositiom  of  Slag,  in  Grams. 

Mbltimg  ^outr. 

SiOr 

FeO. 

CaO. 

MgO. 

Replaced. 

Replacing. 

Sagercooe. 
No. 

"T^ 

3210 

3590 

32 

•  •  •  • 

000 

I 

1.150 

3210 

35  90 

28 

i 

2874 

4 

i,2;io 

3210 

35  90 

24 

1 

5  74« 

3 

1,190 

3210 

35  90 

20 

1 

8622 

4 

L210 

3210 

3590 

16 

i 

11.49 

H 

1,240 

32.10 

35  90 

12 

i 

1437 

3 

1,190 

3210 

3590 

S 

1 

17.24 

H 

1.240 

3210 

35  90 

4 

1 

20.12 

A 

1.280 

32.1Q 

35  90 

•  •  •  • 

* 

E299 

i3i 

1,400 

None  of  the  slags  appear  to  be  very  fluid.  They  are  all  opaque.  On  the  fracture  they 
are  grayish-black,  the  gray  increasing  with  the  MgO  to  such  an  extent  as  to  make  the  last 
three  slags  a  silvery-gray.  The  surface  shows  throughout  a  brownish  tone;  the  luster  is  vit- 
reous ;  all  the  slags  are  attracted  by  the  magnet,  those  rich  in  MgO  less  so  than  those  having 
a  high  percentage  of  CaO. 
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grams  are  exchanged  for  the  equivalent  weight  of  the  one,  and  the 
remaining  2,  4,  6  .  .  .  grams  for  that  of  the  other  (Tables  XIII, 
XV,  XVI).  With  three  i^ub^tituting  oxides,  each  replaces  \  of  the 
grams  of  CaO  that  are  to  be  taken  out  (Table  XVII). 

Figure  9  represents  graphically  the  results  given  in  the  tables. 

TABLE  XII.  — The  Effect  of  Replacing  CaO  with  BaO.    (Figure  9,  Curve  II.) 


Chsmjcal  CoMPOsrrioN  op  Slag,  m  Grams. 

• 

If  sLTiNG  Point. 

CaO. 

BaO. 

sio». 

FeO. 

Remaining. 

Replaced. 

Replacing. 

Seger  oone. 
Na. 

Dqgreee. 

3210 

35  90 

32 

• . . 

OOO 

1 

1.150 

32  16 

35  90 

28 

■ 

1094 

Oil 

1.140 

3Z10 

35  90 

24 

• 

2188 

02 

1,110 

3210 

35  90 

20 

• 

32.83 

St 

1.080 

32  10 

35  90 

16 

. 

4377 

1.020 

32.10 

35  90 

12 

. 

54.72 

08 

990 

3210 

35.90 

8 

1 

65.66 

09} 

985 

3210 

35  90 

4 

i 

7660 

08 

990 

32.10 

35.90 

■ .  • 

* 

87.54 

07 

1,010 

The  slags  were  opaque  and  not  very  fluid.  On  the  fracture  the  color  is  steel-gray  to 
black;  on  the  surface  somewhat  brownish.  The  luster  is  vitreous.  The  slags^  toward  th« 
end  of  the  series  are  more  attracted  by  the  ou^gnet  than  those  at  the  beginning.  With  slags 
meltuig  below  1,086°  C,  the  carbon  dioxide  of  the  barium  carbonate  had  not  all  been  dnvea 
o£f  when  fusion  had  begun. 

TABLE  XIII. —  The  Effect  of  Replacing  CaO  with  MgO  and  BaO. 

(Figure  9,  Curve  III.) 


CoMroaiTioM  op  Slag  in  Gkams. 

8KV 

reo. 

CeO. 

MgO. 

BaO. 

RemaiDing. 

ReipUoed. 

Repbdng. 

RBpladng. 

Saeercone. 
No. 

Dagraaa. 

c. 

32.10 

35.90 

32 

•  •  • 

000 

OOO 

1 

ia5o 

3210 

35.90 

28 

■  . 

1436 

5  471 

01 

• 

1.135 

3Z10 

35.90 

24 

■  ■ 

2874 

1094 

02 

• 

1.125 

32.10 

35.90 

20 

•  • 

4  310 

16.41 

02 

1.115 

32.10 

35.90 

16 

,  , 

5  748 

2188 

03: 

1,095 

32  10 

35.90 

12 

,  . 

7184 

27.35 

04 

1,070 

3210 

35.90 

8 

.  . 

8.622 

32  83 

05. 

1,055 

32  10 

35  90 

4 

■ 

1006 

38  30 

04 

1*065 

32.10 

35.90 

•  •  • 

} 

11.49 

43.77 

02i 

1,120 

The  slags  were  opaque,  and  did  not  appear  to  flow  well.  On  the  fracture  the  color  at 
the  b^inning  of  the  series  was  a  dark  steel-gray  and  changed  to  black  toward  the  end ;  on 
the  surface  it  was  brownish.  The  luster  was  only  slightly  vitreous,  and  the  slags  were  mag- 
netic throughout.  Slags  melting  below  1,085^  C.  began  to  fuse  before  all  the  canx>n  dioxide 
of  the  barium  carbonate  had  been  driven  o£E. 
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TABLE  XIV.  — The  Effect  of  Replacing  CaO  with  ZnO.    (F%ui'«  9»  Curve  IV.) 


Composition  or  Slag,  in  Gkams. 

Af  Kf  TIMA    PcklWT 

CaO. 

ZnO. 

SlOr 

FeO. 

Remaining. 

Replaced. 

Replacing. 

Seger  cone. 
No. 

De^[reea. 
C. 

32.10 

35  90 

•    32 

• » . 

OOOO 

1 

laso 

32  10 

35.90 

28 

i 

5806 

01 

1,130 

32  10 

35.90 

24 

1161 

1 

1.150 

32  10 

35  90 

20 

■  ■ 

17  42 

3 

1.190 

32.10 

35  90 

16 

•  ■ 

23  22 

21 

1,180 

32  10 

35  90 

12 

• 

29  03 

01 

1,130 

32  10 

35  90 

8 

. 

34.83 

02| 

1.125 

32  10 

35  90 

4 

I 

4064 

1.160 

32.10 

35.90 

•  •  • 

46.45 

4 

1.210 

The  slagrs  showed  little  fluidity  and  became  sticky  toward  the  end  of  the  series.  They 
were  all  opaque,  dark-brown  to  black  on  the  fracture,  and  lighter  brown  on  the  surface.  The 
luster  was  sub- metallic  to  vitreous.     All  the  slags  were  magnetic. 


TABLE  XV.  — The  Effect  of  Replacing  CaO  with  MgO  and  ZnO. 

(Figure  9,  Curve  V.) 


Composition  or  Slag,  in  Gkams. 

Mblting  Point. 

CaO. 

MgO. 

ZoO. 

SiOa. 

FeO. 

Remaining. 

Replaced. 

Replacing. 

Replacing. 

Seger  cone. 
No. 

Degee. 

32  10 

35.90 

32 

... 

0.000 

0.000 

1 

1.150 

32  10 

35  90 

28 

1.436 

2903 

3 

1.190 

32  10 

35.90 

24 

2  874 

5.805 

.it 

1.160 

32  10 

35.90 

20 

■  • 

4310 

8.708 

1,140 

32  10 

35  90 

16 

;  . 

5  748 

11.61 

03 

1.110 

32  10 

35.90 

12 

1 

7184 

14.51 

03^ 

1.120 

32  10 

35  90 

8 

i 

8622 

17.42 

02 

1,130 

32  10 

35  90 

4 

1 

1006 

20  32 

1 

1,150 

32  10 

35.90 

•  •  ■ 

* 

1149 

23  22 

6 

1,250 

The  fluidity  of  the  slags  varied  considerably;  the  most  fluid  were  Nos.  3  and  4;  then 
followed  Nos.  2  and  5.  i  and  6.  7  and  8.  The  slags  were  opaque,  uniformly  black  on  the 
fracture,  but  brownish  on  the  surface.  The  luster  was  sub-metallic  to  vitreous,  and  all  the 
slags  were  noticeably  magnetic. 
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TABLE  XVI.  —  The  Effect  of  Replacing  CaO  with  BaO  and  ZnO. 

(Figure  9,  Curve  VI.) 


Composition  op  Slao,  in  Gkams. 

l^wff  ^PVttff^    l^nv**.*. 

CaO. 

BaO. 

ZnO. 

«*    «  ^mB%  mm 

acv 

FeO. 

Replaced. 

Replacing. 

Replacing. 

Seger  cone. 
No. 

Dei^pees. 

32.10 

35.90 

32 

•  • « 

0.00 

0.000 

1 

1,150 

32,10 

35  90 

28 

5.47 

2.903 

1 

1.150 

32.10 

35.90 

24 

10.94 

5.805 

024 
03{ 

1,120 

32.10 

35.90 

20 

•  . 

1641 

8708 

1.100 

32.10 

35.90 

16 

2188 

11.61 

03 

1.090 

32.10 

35.90 

12 

■  ■ 

27.35 

14.51 

06 

1,030 

32.10 

35.90 

8 

■  . 

32.83 

17  42 

07 

1.010 

32.10 

35  90 

4 

•■ 

3830 

20.32 

07 

1.010 

32.10 

35.90 

•  •  • 

1 

43.77 

23.22 

07i 

1,020 

Although  these  slags  formed  readily,  they  did  not  flow  at  all  at  their  formation  temper- 
atures. They  were  opaque.  The  color,  which  was  at  the  beginning  of  the  series  a  dark 
steel-gray,  became  brownish-black  towards  the  end.  The  luster  was  sub-metallic  to  vitreous. 
Slags  running  high  in  CaO  were  distinctly  magnetic;  those  containing  much  BaO  and  ZnO, 
only  slightly  so.  The  slags  forming  below  1.030°  C.  began  to  fuse  before  all  the  carbon  diox- 
ide of  the  barium  carbonate  had  been  driven  off.  They  were  spongy,  and  more  brownish 
than  those  forming  at  higher  temperatures. 


TABLE  XVII.  —  The  Effect  of  Replacing  CaO  with  MgO,  BaO  and  ZnO. 

(Figure  9»  Curve  VII.) 


Composition  of  Slag,  ih  Grams. 

CaO. 

MgO. 

BaO. 

ZnO. 

«  «#u«  •« 

ao,. 

FeO. 

Remaining. 

Replaced. 

Replacing. 

Replacing. 

Retracing. 

Seger  cone. 
No. 

Degrees. 
C. 

32  10 

35.90 

32 

... 

0.00 

0.000 

0.000 

1 

1,150 

32  10 

35.90 

28 

.  • 

0.958 

^     3.647 

1.922 

1 

1.150 

32  10 

35  90 

24 

1.916 

7.295 

3.845 
5.767 

OIJ 

1,140 

32.10 

35  90 

20 

.  . 

2.874 

10  94 

02 

UIO 

32  10 

35.90 

16 

.  ; 

3.831 

14  59 

7.690 

03 

1,090 

32  10 

35.90 

12 

4.789 

18.24 

9.612 

04 

1,070 

32  10 

35.90 

8 

i 

5.747 

21.88 

11535 

04 

1.070 

32-10 

35.90 

4 

i 

6.705 

25.53 

13  46 

01 

1.130 

32.10 

35.90 

•  > . 

* 

7.663 

29.18 

15.38 

3i 

1,200 

None  of  the  slags  are  fluid ;  all  are  opaque,  grayish- black  on  the  fracture,  dull  brown 
on  the  surface;  sub- metallic  to  vitreous  in  luster,  and  attracted  by  the  magnet 

It  will  be  seen  that  there  is  a  great  similarity  in  the  general  physical  properties  of  these 
Blags :  at  least  the  differences  arc  not  sufficiently  great  to  give  to  the  several  numbers  of  the 
series  any  special  characteristics. 
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3.  Discutsian  ef  Temperature  Curves  (Figure  9).  —  In  Figure  9 
the  abscissa  gives  in  eighths  the  proportion  of  CaO  replaced  by  the 
di£Ferent  oxides ;  the  ordinate,  the  temperature  in  degrees  C. 

Curve  I  (CaO  replaced  by  MgO)  shows  clearly  that  as  soon  as 
MgO  begins  to  replace  CaO,  the  formation  temperature  rises  very 
decidedly  above  that  of  the  basal  slag,  1,150°  C.  With  \  of  the  CaO 
replaced,  the  temperature  rises  to  1,210°  C. ;  it  then  sinks  until  | 
is  replaced  (1,190°  C),  and  rises  again  until  |  has  been  reached 
(1,240°  C);  after  a  second  depression  to  1,190°  C.  (with  \  CaO 
replaced),  it  rises  steadily  to  1,400°  C,  when  MgO  has  been  substi- 
tuted for  all  of  the  CaO.  While  the  curve  shows  rises  and  falls,  it 
always  remains  above  the  line  of  the  basal  slag  —  a  fact  which  ex> 
plains  the  aversion  of  many  smelters  to  the  use  of  a  dolomitic  lime- 
stone as  flux. 

Curve  II  (CaO  replaced  by  BaO)  shows  that,  as  MgO  raises  the 
formation  temperature,  so  BaO  lowers  it,  only  that  the  curve  shows 
more  regularity.  The  melting  point  descends  steadily  with  the  in- 
crease of  BaO,  until  \  of  the  CaO  has  been  thus  replaced,  when  a 
minimum  is  reached  at  985°  C. ;  but  even  when  all  the  CaO  has  been 
taken  away,  the  temperature  rises  only  to  1,010°  C.  The  curve  shows 
BaO  to  be  a  powerful  flux.  This  fact  will  be  again  seen  clearly  fur- 
ther on,  in  the  results  of  comhining  BaO  with  other  refractory  oxides, 
as  it  straightens  out  their  curves  and  lowers  their  melting  points. 
(See  Curves  III,  VI,  and  VII). 

Curv«  III  (CaO  replaced  by  MgO  and  BaO)  shows  that  MgO^ 
replacing  CaO,  raises  the  formation  temperature  of  the  basal  slag, 
and  gives  an  irregular  curve ;  but  as  soon  as  BaO  is  substituted  for 
part  of  the  MgO,  the  curve  becomes  more  regular,  and  the  melting 
point  is  decidedly  lowered,  or,  in  other  words,  BaO  promotes  the  slag- 
ging of  MgO.  Thus,  when  \  of  the  CaO  was  replaced  by  MgO  alone, 
the  formation  temperature  rose  from  1,150°  C.  to  1,210°  C. ;  but  when 
one-half  of  the  MgO  is  replaced  by  BaO,  the  temperature  sinks  to 
1,135°  C.,  and  continues  to  sink  with  the  increase  of  the  two  constitu- 
ents until  the  minimum  has  been  reached  at  1,055°  C.,  with  a  sub- 
stitution of  1^  of  the  CaO.  After  that  the  temperature  rises,  but 
remains  below  the  curve  of  the  basal  slag. 

Curve  IV  (CaO  replaced  by  ZnO)  illustrates  by  its  peculiar  form 
some  of  the  difficulties  that  smelters  encounter  in  treating  zincose 
ores.     At  first  the  melting  point   is  lowered  {\  replacement  giving 
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1,130^  C.) ;  but  it  then  rises,  crosses  th^  curve  of  the  basal  slag,  and 
reaches  a  first  maximum  at  1,240^  C.  when  ZnO  has  been  substituted 
for  ^  of  the  CaO ;  then  it  descends  below  the  line  of  the  basal  slag  to 
a  minimum,  at  1,125°  C.,  and  finally  rises  quickly  to  the  second  and 
last  maximum,  at  1,210°  C.  Some  metallurgists  hold  that  most  of 
the  ZnO  is  held  in  igneous  solution  by  a  slag;  others  {e,g,y  Dr.  Iles^), 
that  most,  if  not  all  of  the  ZnO  is  slagged,  as  are  the  other  bases. 
The  very  irregular  form  of  Curve  IV  seems  to  indicate  that  both 
opinions  have  their  justification,  i.^.,  that  the  presence  or  absence  of 
other  metallic  oxides,  besides  FeO  and  CaO,  may  promote  or  obstruct 
the  scorification  of  ZnO.  The  curve,  taken  by  itself,  indicates  that 
in  some  cases  nK)re  ZnO  was  slagged  than  in  others. 

Curve  V  (CaO  replaced  by  MgO  and  ZnO)  seems  to  bear  out  the 
opinion  held  by  smelters  generally  that  MgO  and  ZnO  in  a  slag  inten* 
sify  its  refractory  properties.  MgO  alone  (Curve  I)  raised  the  forma- 
tion temperature  throughout,  though  not  uniformly ;  ZnO  (Curve  IV) 
sometimes  raised  it  and  sometimes  lowered  it ;  MgO  and  ZnO  do  not 
give  a  resultant  average  of  their  peculiarities  ;  sometimes  one  predom- 
inates, sometimes  the  other.  In  Curve  V,  with  \  and  |  replacement, 
the  temperature  follows  the  magnesia  curve  (I) ;  with  f  to  ^  replace- 
ment, it  goes  just  in  the  opposite  direction  of  the  magnesia  —  as  well 
as  of  the  zinc-oxide  curve  (IV),  and  with  f  to  |  replacement,  it  has  a 
tendency  to  follow  the  zinc-oxide  curve. 

Curve  VI  (CaO  replaced  by  BaO  and  ZnO)  clearly  illustrates  the 
great  effect  of  BaO  as  a  flux.  Its  general  trend  is  similar  to  that  of 
the  BaO  curve  (II),  only  the  temperatures  lie  a  little  higher.  The 
great  irregularity  of  the  zinc-oxide  curve  has  been  nearly  wiped  out^ 
or,  in  other  words,  BaO  greatly  promotes  the  slagging  of  ZnO,  As 
the  curve  shows,  \  replacement  leaves  the  melting  point  of  the  basal 
slag  unchanged;  further  substitutions  lower  the  melting  point  until 
the  minimum  pf  1,010°  C.  is  reached,  with  |  of  the  CaO  replaced.  In 
the  lowering  of  the  temperature,  the  two  curves  (VI  and  II)  are  first 
approximately  parallel,  as  far  as  |  replacement ;  then  the  refractory 
nature  of  ZnO  begins  to  assert  itself,  until  |  of  the  CaO  has  been 
removed  ;  but  further  on  it  yields  again,  more  and  more,  to  the  fluxing 
power  of  BaO. 

Curve  VII  (CaO  replaced  by  MgO,  BaO  and  ZnO)  is  another 
instance  of  the  fluxing  power  of  BaO.     The  curve  of  MgO,  ZnO  (V) 
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showed  ups  and  downs  which  could  not  be  well  harmonized  with  either 
the  curve  of  MgO  (I)  or  that  of  ZnO  (IV) ;  but  as  soon  as  BaO  is 
added,  we  obtain  a  curve  that  is  quite  regular.  Thus,  with  \  replace- 
ment, the  formation  temperature  of  the  basal  slag  is  not  changed ;  but 
with  further  reductions  of  CaO,  the  temperature  is  steadily  lowered  to 
the  minimum  of  1,070°  C,  with  a  replacement  of  f  to  |  of  the  CaO, 
after  which  it  quickly  rises  to  a  maximum  of  1,200°  C.  The  refrac- 
tory effect  of  MgO  is  clearly  shown  by  Curve  VII,  which,  with  one 
exception,  always  indicates  higher  temperatures  than  Curve  VI. 


4.    Replacement  of  Slag  Constituents  by  A  1^0^. 

Tables  XVIII  to  XXI,  inclusive,  give  the  charges  used  in  study- 
ing the  effects  produced  on  the  formation  temperature  of  a  slag  by 
the  replacement  with  AI3O3  of  the  three  constituents  SiOj,  FeO  and 
CaO.  The  general  plan  of  substitution  is  the  same  as  was  followed 
in  Tables  XI  to  XVI I.  Figure  10  gives  a  graphical  representation  of 
the  results. 


TABLE  XVIII. — The  Effect  of  Replacing  SiOt  with  A1.0t.    (Figure  10,  Curve  I.) 


Composition  of  Slag  in  Gkams. 

ILf  VI  ^VMA   l^m  w 

SIO|. 

AUO,. 

FeO. 

CaO. 

Reoiabiiag. 

Replaced. 

Replacing. 

Seger  oone. 
No. 

Degrees. 

c. 

32  10 
28  09 
24.07 
20.06 
1605 
12.04 
8025 
4  012 
0.000 

•  a  • 

1 

0000 
4525 
9050 
13.57 
1810 
22  62 
27  14 
3166 
36  20 

35  90 
35  90 
35  90 
35  90 
35.90 
35  90 
35  90 
35  90 
35.90 

32 
32 
32 
32 
32 
32 
32 
32 
32 

1 

I' 

3 

•  •  • 

•  •  • 

•  ■  • 

1.150 
1,160 
1,170 
1.190 
1,220 
1.290 

All  these  slags  show  a  lack  of  fluidity.  -  They  are  opaque,  from  dark-gray  to  black  on  the 
fracture,  and  dull  reddish  brown  on  the  surface.  The  last  slag  of  which  the  formation  tem- 
perature  could  be  determined  had  a  dark  steel-gray  surface,  which  is  characteristic  of  all 
fllags  running  very  high  in  AlsOs.  The  luster  of  all  the  slags  was  dull  to  slightly  vitreous, 
and  all  were  attracted  by  the  magnet ;  but  the  magnetism  diminished  as  AlsOg  increased. 
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TABLE  XTX.  —  The  Effect  of  Replacing  FeO  with  AlsOs.    (Figure  lo,  Curve  II.) 


— 

Composition  op  Slag, 

IN  Gkams. 

\f  Wf  TffWA    Pr^f  fff*f* 

SiO» 

FeO. 

Al,0,. 

CaO. 

Remaining. 

Replaced. 

Repladnf. 

Seeer  cone. 
No. 

DqEiees. 

32.10 

35.90 

•  •  • 

0.000 

32 

1 

1,150 

32.10 

31.41 

2121 

32 

1 

1.150 

32.10 

26.93 

■  ■ 

4  242 

32 

01: 
1: 

1,135 

32  10 

22.44 

.  . 

6363 

32 

1,155 

32.10 

17.95 

:  , 

8485 

32 

2 

1,170 

3210 

13.46 

■  . 

10  586 

32 

3 

1.190 

32.10 

8  975 

; 

12  72 

32 

5 

1,230 

32  10 

4.487 

■• 

14.84 

32 

• .  • 

32.10 

0.000 

1 

16.97 

32 

• . . 

These  slags  are  all  fairly  fluid,  especially  the  two  melting  at  1,155°  ^"^  1,170**  C.  They 
are  opaque,  dull  brown  on  the  fracture  when  little  Al^Os,  and  dark-gray  when  much  AljOg  is 
present,  and  dull  reddish  brown  on  the  surface.  The  luster  is  dull  to  slightly  vitreous,  and 
magnetism  is  noticeable,  especially  with  a  low  percentage  of  Al20s* 


TABLE  XX. — The  Effect  of  Replacing  CaO  with  AI2O8.    (Figure  10,  Curve  III.) 


Composition  op  Slag,  in  Grams. 

Mbltino  Point. 

SiO.. 

FeO. 

CaO. 

A1,0» 

Remaining. 

Replaced. 

Replacing. 

Seger  cone. 
No. 

Degrees. 

3210 
32  10 
32.10 
32  10 
3210 
32  10 
32.10 
3210 
32.10 

35.90 
35.90 
35.90 
35.90 
35.90 
35.90 
35.90 
35.90 
35.90 

32 
28 
24 
20 
16 
12 

8 

4 
•  •  • 

• .  • 

0.000 
2.430 
4.860 
7.290 
9.720 
12.15 
14  58 
17.01 
19.44 

1 
Olf 
02 
OU 
01 

oii 

1 
4 
4i 

1,150 
1,145 
1,110 
1,140 
1,135 
1,140 
1,150 
1,210 
1,220 

None  of  the  slags  are  fluid;  on  the  contrary,  they  have  a  tendency  toward  viscosity; 
especially  with  a  high  percentage  of  AlsOf.  They  are  opaque,  grayish-black  to  black  on 
both  fracture  and  surface,  and  slightly  vitreous  in  luster.  The  magnet  attracts  them  some- 
what—  those  high  in  A\%0%  less  than  those  high  in  CaO. 
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TABLE  XXI.  —  The  Effect  of  Replacing  FeO  and  CaO  with  AlfOg. 

(Figure  lo,  Curve  IV.) 


CoMFOsrnoN  of  Slao,  ik  Graus. 

Mblting  Point. 

SiO. 

FeO. 

CaO. 

A1,0,. 

0lV^|. 

RemainiiiK. 

Replaced. 

Remaining. 

Replaced. 

Replacing. 

Seger  cone. 
No. 

Degrees. 

32  10 
32  10 
32.10 
32  10 
32  10 
32  10 
32  10 
32  10 
32.10 

35.90 
33.66 
31.41 
29  17 
2693 
24.69 
22.44 
20.20 
17.95 

■   •  • 

1 

32 
30 
28 
26 
24 
22 
20 
18 
16 

•   •   • 

0.000 
2  275 
4.550 
6  825 
9.100 
1137 
13  65 
15.92 
18.20 

1 

3 
2 

}* 

2 
9 

1,150 

1,190 
1,170 
1,160 
1,150 
1.145 
1,150 
1,170 
1,310 

None  of  these  slags  are  very  fluid;  the  mixtures  with  9.10  and  11.37  grains  of  AljOs  were 
the  most  so;  mixtures  with  15.92  and  18.20  grams  of  AI2O8  least  so.  The  slags  were  opaque, 
grayish-brown  to  black  on  the  fracture,  and  dark-brown,  more  or  less  tinged  with  red,  on  the 
surface;  sub- metallic  to  vitreous  in  luster,  and  all  noticeably  attracted  by  the  magnet. 

The  general  physical  properties  show  no  characteristic  points,  except  that  some  slags 
appear  to  be  more  fluid  than  others.  If  the  formation  temi>eratures  of  these  slags  are  favor- 
able, they  deserve  consideration  in  the  smelting  of  aluminous  ores. 


5.  Discussion  of  Temperature  Curves  (Figure  10).  —  In  Figure 
10  the  abscissa  again  represents  the  proportions  of  the  different 
<:onstituents  replaced  by  Al^Og,  and  the  ordinate  the  temperature  in 
degrees  C. 

~  Curve  I  (SiOg  replaced  with  AlgOg)  shows  that  the  replacement  of 
SiOj  with  AI2O3  raises  the  formation  temperature  of  the  basal  slag 
in  an  increasing  ratio:  ^replacement  giving  10°  C. ;  \  replacement, 
20°  C. ;  I  replacement,  40°  C.  ;  |  replacement,  70°  C.  ;  and  \  replace- 
ment, 140°  C.  increase  of  this  temperature.  Mixtures  with  a  higher 
percentage  of  AI2O8  could  not  be  fused. 

The  curve  proves  that,  in  treating  aluminous  ores,  AI2O8  cannot 
be  simply  substituted  for  Si02,  as  has  often  been  advocated,  without 
raising  the  melting  point.  The  contrary  procedure  will  be  the  right 
one,  namely,  that  of  keeping  the  percentage  of  SiOj  high. 

Curve  II  (FeO  replaced  with  Al^Og)  shows  that,  first,  with  \ 
replacement,  AlgOg  does  not  change  the  formation  temperature  of 
the  basal  slag.  More  Al^Og  first  lowers  it  somewhat  (to  1,135°  C. 
with  I  replacement),  but  raises  it  again,  quickly  and  pretty  uniformly, 
until  after  a  replacement   of  |  of   the    FeO,  a  mixture   is   obtained 
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ivhich  will  not  fuse  at  1,430°  C,  the  temperature  indicated  by  Seger 
cone  No.   15. 

The  curve  shows  that  only  small  portions  of  the  FeO  can  be 
replaced  by  AI3O3  without  raising  the  formation  temperature  to  too 
high  a  point.  It  proves  also  that  the  rule,  to  keep  both  SiOj  and 
CaO  high  in  the  presence  of  Al^Og,  can  be  applied  within  narrow 
limits  only. 

Curve  III  (CaO  replaced  with  AljOg)  shows  that  by  substituting 
AI2O3  for  CaO,  the  melting  point  of  the  basal  slag  is  lowered  until 
^  of  the  CaO  has  been  replaced,  when  the  formation  temperature 
rises  suddenly.  With  the  exception  of  the  great  depression  of  the 
•curve  to  1,110°  C,  when  |  of  the  CaO  has  been  replaced,  the  lower- 
ing of  the  formation  temperature  by  progressive  replacement  up  to  ft 
averages  only  10°  C.  This  proves  that  figuring  AlgOg  into  a  slag  as 
replacing  CaO  is  a  justifiable  proceeding.  A  combination  of  Curves  I 
and  III  suggests  that  if  part  of  the  SiOj  and  CaO  were  replaced  by 
-AlgOj,  the  formation  temperature  of  the  basal  slag  would  remain  the 
3ame.  This  is  a  favorite  method  in  the  smelting  of  the  highly  alumi- 
nous Cripple  Creek  gold  ores  in  Colorado  lead  blast  furnaces,  and 
^ves  most  satisfactory  results. 

Curve  IV  (FeO  and  CaO  replaced  with  AljOg)  is  so  irregular  in 
general  trend,  and  so  different  from  the  three  preceding  curves,  as  to 
suggest  that  the  substitution  of  AljOg  for  both  FeO  and  CaO  has  no 
practical  value.  By  replacing  only  ^^  of  FeO  and  CaO  with  AlgOg, 
the  formation  temperature  is  raised  40°  C.  ;  upon  increasing  the 
AljOg  to  -^^y  the  temperature  falls  below  the  line  of  the  basal  slag, 
<:oming  to  a  minimum  at  1,145°  C.  With  further  addition  of  AljOg, 
it  rises  suddenly,  reaching  1,310°  C,  with  -^^  of  FeO  and  CaO  replaced 
by  Al^Og. 

VIII.     Conclusion. 

In  all  the  experiments  only  the  formation  temperatures  were  care- 
fully measured,  as  above  described.  As  far  as  was  possible  with  the 
small  samples,  the  general  physical  properties,  including  fluidity,  were 
observed.  Many  mixtures  which  were  changed  into  slags  at  com- 
paratively low  temperatures  may  not  be  suited  for  practical  slags  on 
account  of  their  viscosity  at  the  temperatures  at  which  they  were 
formed,  and  would  require  considerable  superheating  to  make  them 
suflSciently  fluid  to  run  easily  and  permit  a  satisfactory  separation  of 
the  valuable  end  product  or  intermediary  product  from  the  waste. 
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Boston,  January  11,   1900. 

The  534th  regular  meeting  of  the  Society  of  Arts  was 
held  at  the  Institute,  Rogers  Building,  this  day  at  8  p.m.  President 
Crafts  presided.  Sixty-eight  persons  were  present.  The  report  of 
the  previous  meeting  was  read  and  approved. 

The  President  introduced  Professor  Elihu  Thomson  who  ad- 
dressed the  Society  on  "  A  New  Dynamo-Static  Machine,"  a 
machine  of  his  invention.  The  speaker  mentioned  the  discovery  of 
the  Hertzian  waves,  Rontgen  rays,  and  the  recent  interest  in  wire- 
less telegraphy  as  the  origin  of  the  renewed  interest  in  static 
apparatus.  Since  frictional  machines  are  now  obsolete,  a  very  com- 
mon method  of  generating  high-pressure  electricity  is  by  the  Holtz 
machine,  or  better  the  Topler-Wimshurst  modification.  Since  the 
revolving  plates  of  such  machines  are  of  glass,  a  high  speed  of 
rotation  is  impossible  and  the  output  is  small.  To  remedy  this 
defect  rubber  plates  have  been  used,  but  under  the  oxidizing  in- 
fluence of  the  ozone  which  is  formed,  they  rapidly  deteriorate. 
Moreover,   as   the  apparatus  will  not   work  in  damp  air,  it  must  be 
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enclosed  in  a  case,  and  this  must  contain  some  substance  which  will 
absorb  the  ozone,  as  the  latter  will  accumulate  quickly  in  sufficient 
quantity  to  discharge  the  machine.  The  worse  fault  is  the  liability 
to  reversal. 

A  second  form  of  high-pressure  apparatus  is  the  induction  coil, 
which  is  very  effective,  gives  definite  polarity,  and  does  not  reverse. 
It  is  costly,  however,  requires  considerable  power,  must  be  provided 
with  an  interrupter,  and  cannot  be  used  for  charging  condensers  or 
Leyden  jars.  The  earlier  forms  of  breaking  devices  have  lately  been 
replaced  by  the  cheaper  and  effective  Wehnelt  Interrupter. 

Another  instrument  is  the  high-frequency  coil.  It  consists,  in 
principle,  of  a  condenser  which  discharges  through  the  primary  of  a 
transformer,  whose  primary  and  secondary  are  in  tune.  This  gives 
high  potential  and  high  frequency,  consequently  the  discharge  in 
the  vacuum  tubes  is  not  so  simple  as  with  other  methods. 

The  speaker  referred  to  the  Plant6  rheostatic  machine  and  also 
to  the  method  which  Professor  Trowbridge  has  lately  used  to  obtain 
very  high  potentials.  The  latter  consists  in  charging  certain  sets 
of  storage  batteries  in  parallel,  and  discharging  them  in  series. 
The  same  principle  underlies  the  Dynamostatic  machine.  In  it, 
however,  the  bodies  charged  are  a  set  of  vertical  plate  condensers, 
which  are  well  insulated  from  one  another. 

Underneath  the  plates  is  a  rectangular  hollow  wooden  frame, 
which  may  be  rotated  at  a  very  high  speed  by  means  of  a  motor- 
generator  connected  to  a  direct  current  iio-volt  main.  The  motor- 
generator  not  only  acts  as  a  motor  but  also  supplies  a  low  potential 
alternating  current  to  the  primary  of  a  transformer,  in  whose  sec- 
ondary a  high  potential  alternating  current  is  obtained. 

The  rotating  frame  below  the  condenser  plates  carries  two  sets 
of  metallic  points  or  pins  placed  i8o°  apart.  As  the  frame  revolves, 
the  high  potential  secondary  current  of  the  transformer  at  the  top 
of  the  wave  jumps  across  a  small  air-gap  to  one  set  of  metallic  pins, 
thence  across  the  short  air-gaps  between  the  pins  and  the  terminals 
of  the  condensers,  charging  the  latter  in  parallel.  The  charging  only 
lasts  during  a  very  small  angle  of  rotation.  After  the  frame  has 
rotated  through  i8o°,  the  second  set  of  pins  connect  the  condensers 
through  sparking  gaps  in  series.  By  this  ingenuous  device  of  air 
insulation  and  short  spark  gaps,  the  inevitable  leakage  produced  with 
metallic  commutators,  due  to  the  metallic  dust,  is  entirely  avoided. 
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A  revolving  disk  is  arranged  so  that  the  main  sparking  terminals 
shall  only  be  in  contact  through  short  sparking  gaps  with  the  con- 
densers, while  the  latter  are  in  series. 

The  machine  exhibited  consisted  of  ten  condensers  charged  to 
about  20,000  volts  in  parallel,  thus  giving  approximately  200,000 
volts  when  discharged  in  series.  The  output  of  the  machine  is 
very  large,  and  is  capable  of  easy  regulation.  For  low  output  it  is 
only  necessary  either  to  run  the  motor-generator  more  slowly,  or  else 
at  full  speed,  reducing  the  pressure  in  the  primary. 

A  number  of  experiments  were  performed,  such  as  charging  of 
Leyden  jars  and  exciting  of  Crooke's  and  Geissler  tubes.  The 
machine  may  be  applied  to  wireless  telegraphy  or  for  the  generation 
of  ozone.     It  is  very  portable  and  will  work  in  all  kinds  of  weather. 

The  thanks  of  the  Society  were  extended  to  Professor  Thomson 
for  his  most  instructive  and  delightful  address,  after  which  the 
meeting  adjourned. 


Boston,  January  25,   1900. 

The  535th  regular  meeting  of  the  Society  of  Arts  was 
held  on  this  day  in  the  Rogers  Building  at  8  p.m.,  Mr.  George  W. 
Blodgett  presiding.  One  hundred  and  ninety  persons  were  present. 
The  records  of  the  previous  meeting  were  read  and  approved. 

After  the  announcement  of  the  subject  for  the  next  meeting, 
the  chairman  introduced  Professor  E.  B.  Homer,  Massachusetts 
Institute  of  Technology,  '85,  who  addressed  the  Society  on  "An 
Architect's  Tour  through  the  Riviera  and  Central  France."  The 
speaker  referred  to  the  tour,  which  he  had  to  describe,  as  one  made 
by  the  Institute  Summer  School  of  Architecture  during  June,  July, 
a.iid  August,   1899. 

The  party  landed  at  Genoa,  and,  after  spending  nearly  two  weeks 
in  visiting  Milan,  Brescia,  Verona,  and  Venice,  began  a  bicycle  tour 
through  the  Western  Riviera.  The  ride  along  the  Mediterranean 
shores  and  among  the  Maritime  Alps  was  most  thoroughly  enjoyed,  as 
^vere  also  the  cities  of  Monoco,  Nice,  Toulon,  and  Marseilles.  From 
the  latter  city  they  crossed  over  to  Aries  and  followed  the  Rhone  Val- 
ley through  Nimes,  Avignon,  Carpentras,  Vaison,  to  Viviers.  The 
Rhone  Valley  was  then  abandoned,  the  party  passed  over  the  Cer- 
vennes  Mountains,  crossed  the  Loire  Valley  by  the  way  of  Le  Puy  to 
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the  Allier  Valley,  thence  through  this  valley  to  Nevers.  From  here 
the  tour  extended  east  through  Pr^mery  to  V^zelay  on  the  Yonne 
River,  thence  along  its  banks  until  the  river  intersected  the  Seine^ 
and  so  to  Paris. 

This  route  gave  the  students  an  opportunity  to  study  the  Roman 
architecture  of  the  Rhone  Valley,  the  Romanesque  of  Central 
France,  and  the  Gothic  and  Renaissance  of  the  North.  In  nearly- 
all  the  cities  sketches  were  made,  while  in  Venice  and  Aries,  meas- 
ured drawings  were  made.     Over  700  photographs  were  taken. 

The  lecture  was  illustrated  with  160  slides,  showing  charming 
bits  of  scenery,  picturesque  old  roads,  towers,  churches,  monasteries^ 
and  some  architectural  detail  of  particular  interest. 

The  delightful  lecture  was  most  thoroughly  enjoyed  by  the  large 
audience  present. 


Boston,  February  8,   1900. 

The  536th  regular  meeting  of  the  Society  of  Arts  was 
held  on  this  day  at  the  Rogers  Building  at  8  p.m.  Professor  Swain 
presided.     Fifty  persons  were  present. 

After  the  reading  of  the  records  of  the  previous  meeting,, 
and  the  announcement  of  the  subject  for  the  following  one,  the 
chairman  introduced  Mr.  W.  E.  McClintock,  Highway  Commissioner 
of  Massachusetts,  who  addressed  the  Society  on  <'  Massachusetts 
Roads,  Old  and  New." 

The  speaker  rapidly  reviewed  the  history  of  road  making,  men- 
tioning the  fine  roads  of  the  Roman  Empire,  which  were  destroyed 
during  the  fifth  century,  the  deplorable  condition  of  the  roads  in 
Europe  during  the  Middle  Ages,  and  the  revival  of  road-making  in 
Europe  by  Napoleon,  and  in  England  by  Macadam  and  Telford  at 
the  beginning  of  the  nineteenth  century.  The  earliest  roads  in  the 
United  States  were  built  by  private  companies  who,  in  order  to  obtain 
a  return  on  the  invested  capital,  collected  tolls.  Little  of  this  money 
was  expended  on  repairs.  In  1892  a  temporary  commission  was 
appointed  in  this  state  to  investigate  the  condition  of  roads  through- 
out Massachusetts,  and  in  1893  a  permanent  highway  commission 
was  chosen.  Since  that  date  about  $2,6oo,ocx)  has  been  expended 
for  the  construction  and  repairing  of  1,800  miles  of  highways.  The 
inspection  of  roads  in  the  state  is  only  undertaken  by  the  Commission 
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at  the  request  of  the  County  Commissioners  of  a  county,  the  mayor 
and  aldermen  of  a  city,  or  the  selectmen  of  a  town. 

The  speaker  explained  the  differences  in  the  construction  of  the 
old  roads  and  those  under  the  direction  of  the  Commission,  callings 
especial  attention  to  the  plan  of  supporting  the  sides  of  the  road,  the 
style  of  the  bridges  used,  and  the  improved  methods  of  drainage. 
The  factors  which  determine  the  kind  of  road  to  be  built,  whether 
macadam,  telford,  or  gravel,  are  the  character  of  the  soil,  the  amount 
of  traffic  to  which  the  road  is  subjected,  and  the  natural  stone  and 
gravel  resources  of  the  locality. 

Several  automatic  methods  for  crushing,  sorting,  and  loading  the 
stone  used  on  the  highways  were  explained,  and  slides  were  shown  of 
these  as  well  as  various  forms  of  steam  rollers.  As  illustrative  of  the 
•work  accomplished  by  the  Commission,  a  number  of  views  were 
thrown  on  the  screen,  demonstrating  the  conversion  of  almost  im- 
passable roads  into  fine  highways.  Especial  attention  was  called  to 
the  fine  highway  running  from  Springfield  along  the  Westfield  River 
through  one  of  the  most  beautiful  sections  in  Massachusetts. 

For  a  detailed  statement  of  the  various  enactments  of  the  Legis- 
lature, the  work  of  the  Commission,  statistics  as  to  number  of  miles 
of  new  roads,  cost  per  mile  for  different  kinds  of  road  construction, 
cost  of  maintenance,  testing  of  materials,  reference  should  be  made 
to  the  seven  annual  reports  which  have  been  issued  by  the  Com- 
mission. 

Professor  Swain,  after  speaking  of  the  valuable  work  which  had 
been  done  by  the  Commission,  thanked  Mr.  McClintock  on  behalf 
of  the  Society  for  his  very  enjoyable  and  instructive  address. 


Boston,  March  8,   1900. 

The  S37th  regular  meeting  of  the  Society  of  Arts  was  held  at 
the  Massachusetts  Institute  of  Technology  this  day  at  8  p.m.  Pro- 
fessor Niles  presided.     Eighty  persons  were  present. 

The  records  of  the  previous  meeting  were  read  and  approved. 
The  following  were  elected  to  Associate  Membership :  Mr.  Joseph. 
Stone,  '68;  Mr.  W.  O.  Dunbar,  79;  Mr.  W.  O.  Hildreth,  '87;  Mr. 
W.  H.  Blood,  'Z%  \  Mr.  S.  De  M.  Gage,  '96 ;  Mr.  W.  S.  Johnson,  '89 ;: 
Mr.  J.  C.  Perry,  '92  ;  Mr.  J.  S.  Codman,  '93  ;  Mr.  J.  W.  Cooke,  '95 ;. 
Mr.   Harrison  W.  Smith,  *97. 
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After  the  announcement  of  the  subject  for  the  next  meeting. 
Professor  Niles  introduced  Mr.  F.  H.  Newell,  Hydrographer  of  the 
United  States  Geological  Survey,  who  addressed  the  Society  on 
^«  Water  Storage  on  Gila  River,  Arizona." 

In  connection  with  the  possibility  of  water  storage  on  Gila  River, 
Arizona,  facts  were  given  concerning  water  storage  in  general 
throughout  the  arid  regions,  the  data  being  based  upon  recent  sur- 
veys and  examinations. 

Fully  nine-tenths  of  the  vast  extent  of  Arizona,  Nevada,  and 
adjacent  areas  remain  in  the  hands  of  the  general  government. 
Much  of  the  soil  is  highly  productive  under  irrigation,  while  the 
more  rugged  portions  contain  mineral  wealth  which  can  be  de- 
veloped profitably  when  labor  and  easy  transportation  can  be  had. 
Within  this  territory  are  many  Indian  tribes,  some  of  whom  have 
always  been  friendly  towards  the  whites,  and  have  until  recently  sup- 
ported themselves  by  agriculture. 

Along  Gila  River  in  Southern  Arizona  agriculture  has  been 
practiced  from  time  immemorial  by  native  peoples,  the  ruins  of 
whose  canals  and  houses  still  remain.  The  present  occupants  of  the 
«oil  have  continued  this  practice,  until  the  incursions  of  the  whites 
and  the  development  of  agriculture  by  them  have  resulted  in  taking 
away  the  summer  flow  of  the  Gila  River.  The  rights  of  the  Indians 
in  this  particular  have  been  neglected,  or  traded  away  by  the  govern- 
ment, reducing  this  people  to  a  state  of  pauperism.  On  the  one 
hand  schools  have  been  built  to  educate  the  children,  and,  on  the 
other  hand,  they  have  been  forced  to  live  on  the  reservation  in 
idleness,  or  become  more  highly  skilled  beggars  and  thieves. 

The  deplorable  condition  of  these  Indians  has  been  brought  to 
the  attention  of  the  proper  authorities  again  and  again,  and  various 
investigations  have  been  ordered  to  ascertain  where  water  can  be 
had  for  the  cultivation  of  their  fields,  their  legal  rights  to  the  flow 
of  the  stream  having  been  lost.  As  a  result  of  these  investigations, 
it  appears  that  ample  water  can  be  had  by  storage,  but  the  reservoirs 
must  necessarily  be  expensive.  The  physical  conditions  are  favorable 
for  the  conservation  of  water  on  a  large  scale  but  not  in  a  small  way, 
because  of  the  fact  that  the  natural  basins  are  large  and  the  foun- 
dations of  the  dams  must  be  sunk  deep  in  the  ground  to  bed  rock. 

Southern  Arizona  has  great  possibilities  in  the  development  of 
An   intensive    agriculture    capable   of    furnishing  support   for  a   large 
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population.  The  products  are  entirely  distinct  from  those  of  the 
North  and  East,  and  do  not  enter  into  competition  with  those  from 
other  regions.  The  continuous  sunshine  and  semi-tropical  heat 
are  favorable  to  the  growth  of  citrous  fruits,  and  of  many  of  the 
important  varieties  of  grapes.  Forage  crops  are  continuous  throughout 
the  year  —  as  many  as  five  or  even  seven  cuttings  of  alfalfa  being 
gathered.  The  water  supply,  though  torrential  and  erratic,  is  rela- 
tively large  and  can  be  controlled  and  distributed  by  systems  of 
water  storage,  natural  basins  for  which  exist  in  several  places.  In 
fact,  this  part  of  the  country  seems  to  have  an  extraordinary  number 
of  favorable  reservoir  sites.  The  development  of  most  of  these, 
however,  requires  considerable  capital. 

The  surveys  and  estimates  for  the  supply  of  the  Indian  reserva- 
tion show  that,  while  there  are  at  least  three  good  localities,  the  cost 
of  water  storage  is  so  great  that  only  one  of  these,  that  at  San  Carlos, 
can  be  considered.  The  cost  of  this  reservoir  will  aggregate  in  round 
numbers  one  million  dollars.  Its  construction  will,  however,  not 
only  insure  water  for  the  Indians,  but  also  for  a  considerable  area 
of  public  lands,  which  can  be  disposed  of  at  a  cost  sufficiently  great 
to  largely  repay  the  original  investment.  The  matter  as  a  business 
proposition  for  the  government  must  appeal  favorably,  the  speaker 
thought,  to  the  common  sense  of  everyone. 

A  discussion  followed.  The  thanks  of  the  Society  were  extended 
to   Mr.  Newell  for  his  very  interesting  paper. 


Boston,  March  22,   1900. 

The  S38th  regular  meeting  of  the  Society  of  Arts  was  held 
at  the  Massachusetts  Institute  of  Technology  this  day  at  8  p.m. 
Professor  Swain  presided.     Two  hundred  persons  were  present. 

The  records  of  the  previous  meeting  were  read  and  approved. 
The  following  persons  were  elected  to  Associate  Membership : 
Messrs.  E.  M.  Harrington,  '89  ;  F.  H.  Burton,  '91  ;  L.  B.  Breed,  '96; 
and  E.  B.  McCormick,  '97.  After  the  announcement  of  the  subject 
for  the  next  meeting,  Professor  Swain  introduced  General  W.  A. 
Bancroft,  President  of  the  Boston  Elevated  Railway,  who  addressed 
the  Society  on  the  *'  Boston  Elevated  Railway  System."  The 
speaker  mentioned   that    the  franchise  granted  by  the  state  to  the 
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company  contains  certain  clauses  for  the  protection  and  benefit  of 
the  public.  The  company  is  required  to  pay  to  the  Commonwealth 
a  certain  percentage  of  the  earnings  of  the  road,  also  to  keep  the 
streets  on  which  car  tracks  are  laid  in  repair,  and  in  winter  free  from 
snow. 

The  present  system  embraces  340  miles  of  track  extending  over 
100  square  miles  of  territory;  there  are  3,000  cars  in  daily  use,  7 
power-houses  supplying  40,000  horse  power,  40  car  stations  covering^ 
as  many  acres,  6,000  employes.  Last  year  600,000  to  700,000  per- 
sons were  carried  daily,  aggregating  233  million  for  the  year. 

Reference  was  made  to  the  care  exercised  in  the  selection  of 
conductors.  The  applicants  must  pass  certain  oral  and  written: 
examinations,  and  be  personally  recommended  by  former  em- 
ployers. 

The  conception  of  an  elevated  system  arose  from  the  need  oi 
rapid  and  safe  transit.  Owing  to  the  congestion  on  the  surface^ 
cars  must  be  run  slowly.  The  elevated  system  is  made  up  of  the 
overhead  elevated  combined  with  the  subway.  The  idea  and  plan 
is  to  carry  the  passengers  through  the  main  section  of  the  city  by 
the  subway,  using  the  elevated  in  the  outlying  districts. 

Views  were  shown  of  sections  of  the  elevated  railway  in  the 
process  of  construction,  certain  completed  sections,  and  the  trains 
to  be  used.     The  three-rail  system  was  briefly  described. 

The  thanks  of  the  Society  were  extended  to  General  Bancroft 
for  his  entertaining  lecture. 

G.  V.  Wendell,  Secretary^ 
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^HE   USE  OF  KITES   TO    OBTAIN  METEOROLOGICAL 

OBSER  VA  TIONS. 

By  a.  LAWRENCE  ROTCH,  Director  of  Blue  Hill  Meteorological  Observatory. 

Read  November  9,  1899. 

Historical  researches,  stimulated  by  the  recent  practical  appli- 
<:ations  of  kites,  seem  to  show  that  their  first  use  for  scientific  pur- 
poses was  in  1 749,  when  Dr.  Alexander  Wilson,  of  Glasgow,  and  his 
pupil  Thomas  Melvill,  lifted  thermometers  attached  to  kites  into  the 
•clouds.  These  kites,  from  4  to  7  feet  high  and  covered  with  paper, 
•were  fastened  one  behind  the  other,  each  kite  taking  up  as  much  line 
AS  could  be  supported,  thereby  allowing  its  companion  to  soar  to  an 
elevation  proportionally  higher.  It  is  related  that  "the  uppermost 
one  ascended  to  an  amazing  height,  disappearing  at  times  among  the 
'white  summer  clouds,  whilst  all  the  rest,  in  a  series,  formed  with  it  in 
the  air  below  such  a  lofty  scale,  and  that  too,  affected  by  such  regular 
And  conspiring  motions  as  at  once  changed  a  boyish  pastime  into  a 
spectacle  which  greatly  interested  every  beholder.  ...  To  obtain 
the  information  they  wanted,  they  contrived  that  thermometers  prop- 
erly secured  and  having  bushy  tassels  of  paper  tied  to  them,  should 
be  let  fall  at  stated  periods  from  some  of  the  higher  kites,  which  was 
Accomplished  by  the  gradual  singeing  of  a  match-line."  How  the 
thermometers  were  prevented  from  changing  their  readings  while  fall- 
ing to  the  ground  is  not  explained.  The  account  concludes  :  "  When 
engaged  in  these  experiments,  though  now  and  then  they  communi- 
cated immediately  with  the  clouds,  yet,  as  this  happened  always  in 
fine  weather,  no  symptoms  whatever  of  an  electrical  nature  came 
under  their  observation.  The  sublime  analysis  of  the  thunderbolt 
and  of  the  electricity  of  the  atmosphere,  lay  yet  entirely  undiscov- 
-ered,  and  was  reserved  two  years  longer  for  the  sagacity  of  the  cele- 
brated Dr.  Franklin."  Hence  it  seems  that  Franklin's  famous  ex- 
periment of  collecting  the  electricity  of  a  thundercloud  by  means 
of  a  kite,  performed  at  Philadelphia  in  1752,  was  not  the  first  scien- 
tific application  of  the  kite,  and  therefore  America  can  claim  only  the 
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later  and  most  remarkable  development  of  this  means  of  exploring  the 
air.  About  1837  there  existed  in  Philadelphia  an  organization  called 
the  Franklin  Kite  Club,  that  flew  kites  for  recreation.  Espy,  the 
eminent  meteorologist,  was  a  member,  and  he  states  ''that  on  those 
days  when  columnar  clouds  form  rapidly  and  numerously,  the  kite 
was  frequently  carried  upward  nearly  perpendicularly  by  columns  of 
ascending  air,"  a  phenomenon  which  is  often  observed  to-day.  Espy 
calculated  the  height  at  which  clouds  should  form  by  the  cooling  of 
the  air  to  its  dew-point,  and  then  employed  kites  to  verify  his  calcula- 
tions of  the  heights  of  the  clouds.  Both  these  methods  are  utilized 
in  the  measurements  of  cloud-heights  at  Blue  Hill. 

Kites  were  employed  to  get  temperatures  a  hundred  feet  or  more 
above  the  Arctic  Ocean  early  in  the  present  century,  and  in  1847 
Mr.  W.  R.  Birt,  at  the  Kew  Observatory  in  England,  flew  a  kite  for 
the  purpose  of  obtaining  measures  of  temperature,  humidity,  wind- 
velocity,  etc.  His  kite,  of  hexagonal  shape,  required  three  strings 
attached  to  the  ground  to  keep  it  steady,  and  while  he  proposed  to 
hoist  the  instruments  up  to  the  kite  by  means  of  a  pulley,  it  does 
not  appear  that  this  was  done  or  that  any  observations  were  obtained. 
In  1882  Mr.  Douglas  Archibald  in  England  revived  the  use  of  kites 
for  meteorological  observations  and  outlined  a  comprehensive  scheme 
of  exploring  the  air  with  kites,  which  included  almost  all  that  has 
been  done  since.  His  actual  work,  performed  during  the  next  three 
years,  was  limited  to  ascertaining  the  increase  of  wind-velocity  with 
height  up  to  1,200  feet,  and  to  do  this,  he  attached  registering  ane- 
mometers at  four  different  points  on  the  kite-wire,  but  since  the 
total  wind-movements  only  were  registered  from  the  time  the  ane- 
mometers left  the  ground  until  they  returned,  it  was  impossible  to 
obtain  simultaneous  records  near  the  ground  and  at  the  kite,  as  is 
done  to-day.  Mr.  Archibald  in  1887  took  the  first  photograph  from 
a  kite,  a  method  which  MM.  Batut  and  Wenz  developed  in  France, 
and  Messrs.  Eddy  and  Woglom  in  the  United  States. 

The  subsequent  progress  of  kite-flying  for  meteorological  purposes 
was  in  this  country,  and  it  may  be  chronologically  stated  as  follows : 
In  1885  Mr.  Alexander  McAdie  (now  of  the  United  States  Weather 
Bureau)  repeated  Franklin's  kite  experiment  on  Blue  Hill,  with  the 
addition  of  an  electrometer;  in  1889,  and  again  in  1892,  he  measured 
simultaneously  the  electric  potential  at  the  base  of  Blue  Hill,  on  the 
Hill,  and  with  kites  as  collectors  several  hundred  feet  above  the  hill* 
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top,  about  the  same  time  that  Dr.  Weber,  in  Breslau,  Germany,  was. 
making  a  more  extensive  use  of  kites  for  the  same  purpose.  It  was 
no  doubt  William  A.  Eddy,  of  Bayonne,  New  Jersey,  who  turned  the 
attention  of  American  scientific  men  to  kite-flying,  and  created  the 
widespread  interest  in  kites  which  exists  to-day.  About  1890,  Mr. 
Eddy  lifted  thermometers  with  an  ordinary  kite,  but  soon  afterwards 
devised  a  tailless  kite  resembling  the  Java  kite,  except  that  the  hori- 
zontal crosspiece  is  nearer  the  top  of  the  vertical  stick,  and  its  ends 
are  bent  backward  in  a  bow  and  connected  by  a  cord.  The  next 
year  with  several  of  these  kites  flown  tandem,  he  lifted  a  minimum 
thermometer  and  proposed  to  obtain  in  this  way  data  to  forecast  the 
weather. 

Up  to  this  time  it  does  not  appear  that  self-recording  instru- 
ments—  that  is  to  say,  those  which  make  continuous  graphic  rec- 
ords—  had  been  raised  by  kites.  In  the  days  of  the  early  experi- 
menters such  instruments  were  too  heavy  and  cumbersome  to  be 
lifted  by  the  more  or  less  unmanageable  kites,  but  within  the  past 
few  years  M.  Richard,  of  Paris,  has  made  recording  instruments  suffi- 
ciently simple  and  light  to  be  attached  to  kites.  In  this  way  it  is  pos- 
sible to  obtain  simultaneous  records  at  the  kite  and  at  a  station  on  the 
ground,  and  from  them  to  study  the  differences  of  temperature  and 
humidity,  and  this  seems  to  have  been  done  first  at  Blue  Hill  Observa- 
tory. In  August,  1894,  Mr.  Eddy  brought  his  kites  to  Blue  Hill,  and 
"with  them  lifted  a  Richard  thermograph  which  had  been  partly  recon- 
structed of  aluminum  by  Mr.  Fergusson,  of  the  Observatory,  so  that 
it  weighed  but  i^  pounds,  to  the  height  of  1,500  feet,  and  here  the 
earliest  automatic  record  of  temperature  was  obtained  by  a  kite. 
During  the  next  summer  Mr.  Eddy  secured  photographs  of  the  Ob- 
servatory and  Hill  by  a  camera  carried  between  his  kites  to  the  height 
of  a  hundred  feet  or  more.  Now  that  the  possibility  of  lifting  self- 
recording  meteorological  instruments  to  considerable  heights  had  been 
demonstrated,  an  investigation  of  the  thermal  and  hygrometric  condi- 
tions of  the  free  air  was  undertaken  by  the  staff  of  the  Blue  Hill 
Observatory,  who  had  already  made  an  investigation  of  the  currents 
of  air  at  various  heights  by  measurements  of  the  clouds. 

In  the  early  experiments  the  Eddy,  or  Malay  kites  as  they  are  also 
called,  covered  with  paper  or  with  varnished  cloth,  and  coupled  tandem 
to  secure  greater  safety  and  lifting  power,  were  used.  The  kites  were 
attached  at  several  points  on  the  line,  for  although  it  can  be  demon- 
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«trated  theoretically  that  a  greater  height  is  possible  by  concentrating 
all  the  pull  at  the  end  of  the  line,  yet  in  the  actual  case  of  a  line  which 
is  not  infinitely  strong  the  best  results  are  got  by  distributing  the  pull, 
and  in  this  way,  too,  kites  can  be  added  as  the  wind  conditions  aloft 
permit.  The  Eddy  kite  flew  at  a  high  angle  above  the  horizon  and 
through  a  considerable  range  of  wind-velocity,  but  it  could  not  be 
kept  permanently  in  balance  or  made  to  adjust  itself  to  great  varia- 
tions in  wind-velocity,  and  therefore  it  was  discarded. 

The  first  meteorograph,  being  a  combined  recording  thermometer 
and  barometer  (from  which  the  height  can  be  obtained),  was  con- 
structed by  Mr.  Fergusson  in  August,  1895,  and  three  months  later 
he  joined  a  recording  anemometer  to  the  thermometer  which  was 
probably  the  first  apparatus  of  this  kind  to  be  attached  to  kites.  Sub- 
sequently there  was  used  the  meteorograph,  recording  atmospheric 
pressure,  air  temperature  and  relative  humidity,  made  by  M.  Richard, 
of  Paris,  for  use  in  balloons,  but  now  for  the  first  time  built  of  alumi- 
num. In  August,  1895,  in  addition  to  the  Eddy  kites  there  was  tried 
the  cellular  or  box  kite,  invented  by  Lawrence  Hargrave,  of  Sydney, 
Australia,  which  bears  no  resemblance  to  the  conventional  forms  of 
kites,  but  consists  of  two  light  boxes  without  tops  or  bottoms,  fast- 
ened some  distance  above  each  other.  The  wind  exerts  its  lifting 
force  chiefly  upon  the  front  and  rear  sides  of  the  upper  box,  the  lower 
box,  which  inclines  to  the  rear  and  so  receives  less  pressure,  preserv- 
ing the  balance,  while  the  ends  of  the  boxes,  being  in  line  with  the 
wind,  keep  the  kite  steady  and  serve  the  purpose  of  the  dihedral  angle 
in  the  Malay  kite. 

On  account  of  the  weight  of  the  large  cord  necessary  to  control 
"these  kites  and  the  surface  which  it  presented  to  the  wind,  a  height  of 
2,000  feet  could  not  be  reached,  so,  during  the  winter  of  1 895-6,  fol- 
lowing Archibald's  example  and  the  methods  of  deep-sea  sounding  em- 
ployed by  Captain  Sigsbee,  United  States  Navy,  steel  pianoforte  wire 
was  substituted  for  the  cord.  This  wire  is  less  than  half  as  heavy, 
and  less  than  one-fourth  the  size  of  cord  having  the  same  strength, 
and  moreover  its  surface  is  polished,  which  reduces  the  friction  of 
the  wind  blowing  past  it.  With  the  wire  the  height  of  a  mile  was 
reached  in  July,  and  a  mile  and  two-thirds  in  October,  1 896.  Up  to 
this  time  a  reel  turned  by  two  men  sufficed  to  draw  down  the  kites, 
"but  the  increasing  pull  and  length  of  wire  made  recourse  to  steam- 
power  necessary.     In  January,   1897,  a  grant  of  money  was  allotted 
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from  the  Hodgkins  Fund  of  the  Smithsonian  Institution  for  the  pur- 
pose of  obtaining  meteorological  records  at  heights  exceeding  10,000 
feet,  and  no  doubt  the  first  application  of  steam  to  kite-flying  was 
the  winch  built  by  Mr.  Fergusson,  with  ingenious  devices  for  dis- 
tributing, oiling  and  measuring  the  length  of  wire.  The  cumulative 
pressure  of  the  successive  coils  of  wire  finally  crushed  the  drum,  and 
the  next  apparatus  applied  the  principle  of  Sir  William  Thomson's 
deep-sea  sounding  apparatus  in  which  there  is  no  accumulation  of 
pressure.  In  October,  1897,  records  were  brought  down  from  11,000 
feet,  or  a  thousand  feet  above  the  prescribed  height.  The  kite-reel 
in  its  various  stages  of  development  is  shown  in  Figure  i. 

The  kites  and  apparatus  at  present  employed  at  Blue  Hill  will  now 
be  described : 

The  kites  are  mostly  of  Hargrave's  construction  with  two  rectan- 
gular cells  covered  with  cloth  or  silk  except  at  their  tops  and  bottoms, 
and  one  is  secured  above  the  other  by  four  or  more  sticks.  The 
ijvooden  frames  are  as  light  as  possible,  but  are  made  rigid  by  guys  of 
steel  wire  which  bind  them  in  all  directions.  The  average  weight 
is  about  2  ounces  a  square  foot  of  lifting  surface,  which  is  about  the 
same  weight  a  square  foot  as  the  Eddy  kites,  when  all  the  surface  is 
included  in  the  estimate.  The  largest  of  the  Hargrave  kites  stands 
9  feet  high,  weighs  1 1  pounds,  and  contains  90  square  feet  of  lifting 
surface,  which  in  the  recent  kites  is  arched,  resembling  the  curyature 
of  a  bird's  wings  (Figure  2).  These  curved  surfaces  increase  the  lift, 
or  upward  pull,  more  than  the  drift,  or  motion  to  leeward,  and  so  the 
angular  elevation  is  augmented  without  materially  adding  to  the  total 
pull  on  the  wire,  which  should  not  exceed  one-half  its  breaking 
strength.  Another  efficient  form  that  has  been  used  at  Blue  Hill 
is  the  "aero-curve  kite,"  shown  in  Figure  3,  made  by  Mr.  C.  H.  Lam- 
son,  of  Portland,  Maine.  In  flight  it  resembles  a  soaring  bird,  and 
-when  not  in  use  it  can  be  taken  apart  and  folded  up. 

A  most  important  factor  in  the  success  of  the  Blue  Hill  work 
was  the  application  by  Mr.  Clayton,  of  the  Observatory,  to  every  kite 
of  an  elastic  cord  inserted  in  the  lower  part  of  the  bridle  to  which 
the  flying-line  is  attached ;  when  the  wind-pressure  increases,  this 
stretches  and  causes  the  kite  to  diminish  its  angle  of  incidence  to 
the  wind  until  the  gust  subsides.  A  kite  can  be  set  to  pull  only 
a  fixed  amount  in  the  strongest  wind,  when  the  kite  will  fly  nearly 
horizontal.      We  are   therefore   able   to   calculate   the   greatest   pull 
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which  can  be  exerted  on  the  wire  by  all  the  kites,  and  with  this 
device  the  kites  have  flown  throuo^h  gales  of  50  or  60  miles  an  hour 
without  breaking  loose  or  injuring  themselves.  In  general,  the  angle 
of  the  flying  lines  of  the  Blue  Hill  kites  is  50°  or  60^  above  the  hori- 
zon, and  in  winds  of  20  miles  an  hour  the  pull  on  the  line  is  about 
I  pound  for  each  square  foot  of  lifting  surface  in  the  kite.  Kites 
can  be  raised  in  a  wind  that  blows  more  than  12  miles  an  hour  at  the 
ground,  and  as  the  average  velocity  of  the  wind  for  the  year  on  Blue 
Hill  is  18  miles  an  hour,  there  are  few  days  when  kites  can  not  be 
flown. 

The  wire  to  which  the  kites  are  attached  is  steel  music  wire,  0.032 
inch  in  diameter,  weighing  15  pounds  a  mile,  and  capable  of  with- 
standing a  pull  of  300  pounds.  The  wire  is  spliced  in  lengths  of 
more  than  a  mile  with  the  greatest  care,  special  pains  being  taken 
that  no  sharp  bends  or  rust  spots  occur  which  would  cause  it  to  break. 
To  lift  the  increasing  weight  of  wire,  kites  are  attached  at  intervals 
of  a  few  thousand  feet,  by  screwing  on  the  wire  aluminum  clamps  to 
which  the  kite  lines  are  fastened,  so  that  the  angle  may  be  maintained 
as  high  as  is  consistent  with  a  safe  pull.  The  Richard  meteorograph, 
contained  in  an  aluminum  cage  of  about  a  foot  cube,  weighs  less  than 
3  pounds,  and  it  is  only  necessary  to  screen  the  thermometer  from  the 
sun's  rays  to  obtain  the  true  temperature  of  the  air,  since  the  wind 
insures  a  circulation  of  air  around  the  thermometer.  Another  meteor- 
ograph constructed  by  Mr.  Fergusson  records  the  velocity  of  the  wind 
on  the  same  drum  with  the  three  other  elements,  and  weighs  no  more 
than  the  French  instrument.  It  is  shown  in  Figure  4,  and  Figure  5 
is  a  fac-simile  record,  two-thirds  actual  size. 

The  reeling  apparatus  is  an  example  of  how  the  same  apparatus 
may  serve  diametrically  opposite  purposes.  In  sounding  the  deep  sea 
the  wire  must  be  pulled  upwards,  whereas  in  sounding  the  heights 
of  the  atmosphere  the  wire  must  be  pulled  in  the  reverse  direction. 
Therefore  the  deep-sea  sounding  apparatus  has  been  altered  by  Mr. 
Fergusson  to  pull  obliquely  downwards,  the  wire  passing  over  a  swivel- 
ling pulley,  which  follows  its  direction  and  registers  on  a  dial  the  exact 
length  unreeled.  Next  the  wire  bears  against  a  pulley  carried  by 
a  strong  spiral  spring,  by  which  the  pull  upon  it  at  all  times  is  re- 
corded on  a  paper-covered  drum  turned  by  clockwork,  then  it  passes 
several  times  around  a  strain-pulley,  and  finally  is  coiled  under  slight 
tension  upon  a  large  storage  drum.     When  the  kites  are  to  be  pulled 
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down,  the  strain-pulley  is  connected  with  a  two  horse-power  steam 
engine,  and  the  wire  is  drawn  in  at  a  speed  of  from  3  to  6  miles  an 
hour,  but  when  the  kites  are  rising  the  belt  is  removed  and  the  pull 
of  the  kites  unreels  the  wire. 

The  method  of  making  a  kite-flight  for  meteorological  purposes  at 
Blue  Hill  is  as  follows :  A  kite,  fastened  by  a  long  wire  to  the  ring 
in  the  main  wire,  and  the  suspended  meteorograph  being  in  the  air, 
another  kite  is  attached  to  the  ring  by  a  shorter  cord.  They  are  then 
allowed  to  rise  and  to  unreel  the  wire  until  its  angle  above  the  horizon 
becomes  low,  when,  by  means  of  the  clamps  described,  other  kites  are 
added,  the  number  depending  on  the  size  of  the  kites  and  the  strength 
of  the  wind.  After  a  pause  at  the  highest  attainable  altitude,  the 
reel  is  connected  with  the  steam  engine  and  the  kites  are  drawn  down. 
The  pauses  at  the  highest  point,  and  when  kites  are  attached  or 
detached,  are  necessary  to  allow  the  recording  instruments  to  acquire 
the  conditions  of  the  surrounding  air,  and  because  at  these  times  the 
meteorograph  is  nearly  stationary,  measurements  of  its  angular  eleva- 
tions are  made  with  a  surveyor's  transit,  while  observations  of  azimuth 
give  the  direction  of  the  wind  at  the  different  heights.  The  time  of 
making  each  angular  measurement  is  noted,  so  that  the  corresponding 
point  on  the  trace  of  the  meteorograph  may  be  found.  From  the 
length  of  wire  and  its  angular  elevation,  the  height  of  the  meteoro- 
graph can  be  calculated,  it  having  been  found  that  the  sag  of  the  wire, 
or  its  deviation  either  in  a  vertical  or  a  horizontal  plane  from  the 
straight  line  joining  kite  and  reel,  does  not  cause  an  error  exceeding 
3  per  cent,  in  the  height  so  computed.  When  the  meteorograph  is 
hidden  by  clouds,  the  height  above  the  last  point  trigonometrically 
determined  is  computed  from  the  barometric  record  by  Laplace's  for- 
mula. At  night  there  is  only  the  barometer  from  which  to  determine 
the  height,  for,  although  an  attempt  was  made  to  use  a  lantern  to  sight 
upon,  yet  it  soon  becomes  invisible,  or,  when  seen,  is  confounded  with 
the  stars.  Before  and  after  the  flight  the  meteorograph  is  hung  upon 
a  tripod  in  the  free  air,  in  order  that  its  thermometer  and  hygrometer 
mav  be  compared  with  the  standards. 

Since  the  use  of  wire  and  more  efficient  kites,  the  heights  have 
been  greatly  increased.  Thus  the  average  height  above  the  Hill 
attained  by  the  meteorograph  in  the  35  flights  made  during  1898 
was  more  than  a  mile  and  a  quarter,  whereas  the  average  height  of 
all  the  ascents  prior  to  1897  was  about  a  quarter  of  a  mile.      The 
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extreme   height  of  almost  two  and  a  quarter  miles  was  attained  in 
1899,  the  progress  upward  each  year  being  shown  in  this  table. 


Heights  above  Sea- Level  of  Kite- Flights  at  Blub  Hill. 
(Blue  Hill  is  630  feet  above  the  sea.) 


Year. 


1894 
1895 
1896 
1897 
1898 
1899 


No.  of 
Records. 


2 
28 
86 
38 
35 
25 


Hbights 

IN   FbBT. 

Mean  of 
Max. 

Absolute 
Max. 

1,860 

2,070 

1,613 

2,490 

2,772 

9,327 

4,557 

11,716 

7,350 

12,070 

7,402 

12,441 

Pbscxntagbs  of  Rsoords  abotb 


500  IB. 

(1,640  ft) 


50 
59 
78 
95 
100 
100 


1,000  m. 
(3.a8o  ft.) 

1,500  m. 

(4,9«o  ft.) 

2,000  in. 
(6.560  ft.) 

0 

0 

0 

0 

0 

0 

28 

9 

4 

68 

45 

21 

92 

80 

66 

94 

80 

56 

3,000  m* 
(9,840  ft) 


0 
0 
0 
5 

20 
28 


The  average  height  of  the  meteorograph  above  the  Hill,  in  all  the 
flights  during  August,  1898,  was  nearly  a  mile  and  a  half,  and  on 
August  26,  the  meteorograph  was  raised  11,440  feet  above  Blue  Hill^ 
or  12,070  feet  above  the  neighboring  ocean.  The  meteorograph  was 
suspended  from  the  topmost  kite,  one  of  the  Lamson  pattern,  having 
71  square  feet  of  lifting  surface  and  this  was  increased  to  a  total  of 
149  square  feet  by  four  kites  of  the  modified  Hargrave  type  that  were 
attached  at  intervals  to  the  wire.  The  five  miles  of  wire  in  the  air 
weighed  75  pounds,  and  the  total  weight  lifted,  including  kites  and 
apparatus,  was  112  pounds.  The  meteorograph  left  the  ground  at 
10:40  A.M.,  attained  its  greatest  height  at  4:15  p.m.,  and  returned  to 
the  ground  at  8:40  p.m.,  its  automatic  record  being  shown  in  Figure  5> 
in  which  the  heights  are  expressed  in  meters,  and  the  wind-velocities  in 
meters  per  second.  The  cumulus  clouds  were  traversed  three-quarters 
of  a  mile  from  the  earth,  and  above  them  the  air  was  found  to  be 
very  dry.  On  the  Hill  the  air-temperature  was  72®,  when  it  was  38^ 
in  the  free  air  1 1 ,440  feet  above,  and  the  wind-velocity  increased  from 
22  to  40  miles  an  hour. 

More  than  200  records  have  been  obtained  at  Blue  Hill  during  the 
past  five  years,  in  all  kinds  of  weather  conditions,  from  the  ground  up 
to  12,000  feet  above  it.      They  are  published  and  discussed  in  the 
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Annals  of  the  Astronomical  Obsetvatory  of  Harvard  College,  Vol.  42, 
Part  I,  and  in  several  Bulletins  of   the   Blue   Hill  Observatory,  and 


constitute,  no  doubt,  the  most  thorough  study  of  the  lower  air  yet 
made.  The  vertical  distribution  of  temperature  and  humidity  has  been 
investigated  and  six  types   have   been   deduced.      Normally,  in  fine 
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weather,  with  increase  of  height  the  temperature  decreases  at  the 
adiabatic  rate  for  unsaturated  air  (i^  F.  for  183  feet)  up  to  a  cer- 
tain height  where  there  is  a  sudden  rise  of  temperature,  and  above 
that  height  the  decrease  is  slower.  This  rise,  which  is  caused  by  a 
warm  current  overflowing  a  colder  one,  is  noted  by  aeronauts  also 
at  greater  heights.  Contrary  to  the  observations  on  mountains,  the 
diurnal  period  of  temperature  usually  disappears  above  a  mile,  but 
the  changes  due  to  cold  and  warm  waves  occur  simultaneously  at  the 
ground,  and  at  the  extreme  heights  reached  by  the  kites.  Owing  ta 
the  chilling  of  the  air  near  the  ground  at  night,  it  frequently  happens 
that  it  is  warmer  at  the  height  of  a  thousand  feet  than  it  is  at  the 
ground,  and  as  the  relative  humidity  aloft  is  generally  the  reverse  of 
what  it  is  at  the  ground,  it  follows  that  at  certain  heights  in  the  free 
atmosphere  the  nights  are  warm  and  dry  while  the  days  are  cold  and 
damp.  The  observations  obtained  during  the  passage  of  cyclones 
and  anti-cyclones  indicate  that  the  cause  of  the  cyclone,  at  least  in 
our  latitude,  is  its  higher  temperature  with  respect  to  the  surround- 
ing air.  This  conclusion  agrees  with  the  convectional  theory  of  Espy 
and  Ferrel,  but  it  is  possible  that  the  shallow  cyclones  felt  at  the 
earth's  surface  may  have  superposed  on  them  other  cyclones  with 
cold  centers.  Atmospheric  electricity  is  noticeable,  since  the  use  of 
wire  as  a  flying  line,  whenever  the  kites  rise  higher  than  a  quarter  of 
a  mile  above  the  ground.  Usually  the  wire  becomes  strongly  charged 
with  electricity  when  great  heights  are  reached  and  it  is  discharged  in 
bright  sparks  at  the  reel.  The  potential  generally  increases  with  alti- 
tude, and  probably  the  electricity  is  sometimes  positive  and  sometimes 
negative,  although  no  measurements  have  been  made  with  the  kites 
very  high.  Notwithstanding  its  intensity,  the  quantity  of  electricity 
in  the  atmosphere  appears  insufficient  to  warrant  its  collection  and 
storage  for  practical  purposes. 

During  the  year  1898  the  United  States  Weather  Bureau  under- 
took to  obtain  daily  from  seventeen  stations  equipped  with  kites  (situ- 
ated chiefly  in  the  Mississippi  Valley),  automatic  records  at  a  height 
of  about  a  mile,  with  which  to  draw  a  synoptic  chart  of  the  upper  air 
for  forecasting  in  connection  with  a  similar  chart  of  surface  obser- 
vations. The  high-level  chart  could  not  be  drawn  regularly  on  ac- 
count of  light  winds  at  some  stations,  but  much  valuable  data  as  to 
temperature-gradients  were  obtained,  and  these  have  been  published. 
Since  the  work  at  Blue  Hill  was  made  known  to  foreign  meteorolo- 
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gists,  who  have  received  drawings  and  models  of  our  apparatus,  the 
use  of  kites  to  obtain  meteorological  data  has  been  taken  up  exten- 
sively on  the  Continent  of  Europe,  and  already  the  meteorological 
bureaus  of  France,  Germany  and  Russia  have  established  depart- 
ments for  the  purpose  of  obtaining  observations  in  the  free  air  with 
both  kites  and  balloons. 

Whenever  there  is  wind,  kites  possess  advantages  over  any  other 
method  of  exploring  the  air  up  to  the  height  of  at  least  12,000  feet- 
Although  only  on  mountains  can  observations  be  maintained  con- 
tinuously at  a  uniform  height,  yet  the  conditions  there  are  not  those 
of  the  free  air  at  an  equal  height.  Observations  in  a  drifting  bal- 
loon are  affected  by  the  heated  or  stagnant  air  accompanying  the 
balloon,  and  the  progressive  changes  in  the  atmospheric  conditions 
at  one  place  cannot  be  studied,  because,  generally,  these  observations 
are  not  comparable  with  simultaneous  observations  made  at  one 
station  on  the  ground.  With  kites,  however,  frequent  ascents  and 
descents  permit  the  true  conditions  prevailing  in  superposed  strata 
of  air  at  definitely  known  heights  to  be  obtained  nearly  simultane- 
ously. Kites  can  rise  much  higher  than  captive  balloons  which  are 
borne  down  by  the  weight  of  the  cable  necessary  to  control  them. 
Finally,  kites  cost  very  much  less  than  either  mountain  stations  or 
balloons.  It  appears,  therefore,  that  in  future  the  equipment  of  a 
first-class  meteorological  observatory  should  include  the  kite  (and 
perhaps  the  German  kite-balloon  for  use  when  the  wind  is  lacking) 
so  that  automatic  records  may  be  obtained  daily  at  the  height  of  a 
mile  or  two  in  the  free  air,  at  the  same  time  that  similar  observa- 
tions are  made  at  the  ground. 
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OUTLINE  OF  THE  GEOLOGY  OF  LONG  ISLAND  IN  ITS 
RELATIONS   TO   THE  PUBLIC   WATER    SUPPLIES. 

By  W.  O.  CROSBY.' 

Geological  Formations  of  Long  Island. 

Although  our  knowledge  of  the  geological  structure  of  Long 
Island  is  still,  in  certain  directions,  very  incomplete,  the  main  feat- 
ures are  now  pretty  well  determined.  We  know  that  the  island  con- 
sists chiefly,  at  least,  of  the  following  formations,  commencing  with 
the  lowest  and  oldest : 

First,  the  primitive  or  crystalline  rocks  (granite,  gneiss,  schist,  etc.). 
These  are  a  southward  continuition  of  the  formations  of  southern  New 
York  and  Connecticut ;  and  they  may  safely  be  assumed  to  underlie 
the  entire  area  of  Long  Island,  although  actually  exposed  to  observa- 
tion only  on  the  extreme  northwest  corner  of  the  island. 

Second,  the  Cretaceous  formation  continued  northeastward  from 
New  Jersey,  and  consisting  of  clays  and  sands  in  many  alternations 
with  occasional  beds  of  gravel,  especially  near  the  base,  which  have 
proved  in  New  Jersey  to  be  important  water-horizons.  The  Creta- 
ceous strata,  which  are  500  feet  or  more  in  thickness,  slope  gently 
seaward  and,  so  far  as  known,  rest  directly  upon  the  crystalline  rocks, 
although  it  is  not  improbable  that  in  the  central  and  eastern  parts  of 
the  island  Jurassic  and  Triassic  strata  intervene.  Only  the  Lower 
Cretaceous  appears  to  be  represented  on  Long  Island  now,  the  Upper 
Cretaceous,  which  also  contains  several  good  artesian  sources  in  New 
Jersey,  having  been,  apparently,  worn  off  from  the  Long  Island  area 
before  and  during  the  formation  of  the  Tertiary  strata  which  overlie  it. 


'This  sketch  of  that  part  of  the  geology  of  Long  Island  having  a  bearing  upon  the 
public  water  supplies,  has  been  prepared  at  the  request  and  with  the  cooperation  of  Mr.  John 
R.  Freeman,  in  connection  with  his  investigation  of  the  water  supply  of  Greater  New  York, 
and  is  published  by  his  permission. 

The  writer's  opportunities  for  original  observations  on  the  geology  of  Long  Island  have 
been  comparatively  limited,  and  this  summary,  especially  as  regards  the  statements  of  fact, 
is,  therefore,  to  a  large  extent  a  compilation  from  the  writings  of  other  students  in  this  field, 
including  especially  Bryson,  Dana,  Hollick,  Lewis,  Merrill,  Ries,  Upham  and  Woolman. 
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Third,  the  Neocene  Tertiary  formation,  including :  (a)  the  Chesa- 
peake division,  composed  of  the  gray  gravel,  from  lo  to  lOO  feet  thick, 
which  is,  in  general,  an  important  water-horizon,  and  the  great  bed  of 
blue  clay  with  a  normal  thickness  of  lOO  feet,  overlying  the  gray 
gravel  and  forming  with  it  one  continuous  formation ;  and  (b)  the 
heavy  bed  of  yellow  gravel,  50  to  100  feet  thick,  which  now  forms 
the  surface  over  a  large  part  of  the  island,  and  is  by  far  the  most 
important  reservoir  of  the  ground-water. 

Fourth,  the  terminal  moraine  of  the  great  ice-sheet  or  continental 
glacier  of  northeastern  North  America,  an  irregular  ridge  composed 
chiefly  of  unstratified  bowlder-clay,  or  glacial  drift,  built  upon  the 
elevated  northern  edge  of  the  island,  and  sometimes  called  the  "  back- 
bone" of  Long  Island. 

The  Water-Bearing  Strata. 

The  water-bearing  formations  or  horizons  of  Long  Island  are 
practically  limited  to  the  yellow  gravel  above  the  blue  clay,  the  gray 
gravel  below  it,  and  certain  layers  of  gravel  and  sand  in  the  under- 
lying Cretaceous  formation  ;  and,  as  will  be  set  forth  clearly  in  what 
follows,  these  are  named  here  in  the  order  of  their  value  and  avail- 
ability. The  yellow  gravel,  which  receives  and  holds  almost  the  entire 
rainfall  of  the  island,  ranks  first  in  importance ;  while  the  gray  gravel 
and  the  Cretaceous  gravels,  being  cut  off  from  any  possible  influx  of 
water  from  the  mainland  of  Connecticut  or  New  York,  can  afford  but 
a  limited  and  uncertain  supply,  which  is  likely  to  be  stale  or  mineral- 
ized, and,  if  heavily  drawn  upon,  to  become  brackish. 

Geological  History  of  Long  Island. 

In  order  to  understand  the  arrangement  and  succession  of  the 
strata,  and  to  estimate  the  probability  of  copious  and  permanent  sup- 
plies of  water  of  good  quality  for  domestic  use  being  found  in  any 
particular  stratum,  we  must  study  the  history  of  the  formations  and  the 
conditions  under  which  their  component  strata  were  laid  down. 

Origin  of  the  Cretaceous  Strata,  —  In  late  Jurassic  and  early  Cre- 
taceous times,  southern  New  England  stood  higher  than  now ;  and  the 
Connecticut  River,  following  the  belt  of  red  (Triassic)  sandstone  and 
shale  southward  to  the  present  site  of  New  Haven,  continued  sea- 
ward across  a  lowland  which  is  now  occupied  in  part  by  Long  Island. 
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During  Jurassic  and  Cretaceous  times  this  region  was  being  slowly 
base-levelled  or  reduced  to  the  condition  of  a  peneplain,  partly  through 
the  agency  of  marine  erosion  during  a  slow  subsidence  of  the  land  ; 
and  the  Cretaceous  sediments,  chiefly  clays  and  sands,  were  depos- 
ited to  a  thickness  of  500  and  possibly  1,000  feet  over  the  site  of 
Long  Island,  reaching  far  inland  over  a  large  part  of  southern  New 
England.  There  were,  doubtless,  many  oscillations  of  level.  During 
movements  of  subsidence,  the  sea,  actively  wearing  away  the  sinking 
land,  formed  banks  of  gravel  and  sand  near  the  shore,  and  deposited 
the  clays  and  finest  sands  farther  out  in  deep,  still  water ;  then,  during 
movements  of  elevation,  the  gravel  and  coarse  sand  were  swept  sea- 
ward and  spread  over  the  clays ;  and  thus,  by  many  repetitions  of  this 
process,  the  alternating  series  of  coarse  and  fine  sediments  was  grad- 
ually built  up. 

The  land  was  then  slowly  elevated,  exposing  the  newly  formed 
Cretaceous  sediments  as  a  broad,  smooth  coastal  plain  across  which 
the  sluggish  streams  wandered  seaward  without  regard  to  their  deeply 
buried  original  channels.  It  thus  happened  that  the  Connecticut,, 
below  Middletown,  abandoned  its  natural  course  as  determined  by  the 
north-south  belt  of  Triassic  strata  and  wandered  off  to  the  southeast^ 
reaching  the  ocean  across  what  is  now  the  east  end  of  Long  Island, 
west  of  Montauk  Point.  The  Housatonic  experienced  a  similar  diver- 
sion to  the  southeast ;  but  the  Hudson  adhered  to  its  original  north- 
south  course  to  its  present  mouth  at  the  Narrows,  whence  its  channel 
may  b6  traced  by  soundings  southeastward  across  the  sea-bottom  for 
a  hundred  miles.  As  the  Cretaceous  strata  were  gradually  worn  away, 
the  streams  cut  down  through  them  into  the  crystalline  rocks ;  and 
they  necessarily  held  to  these  new  courses  after  the  Cretaceous  beds 
had  been  completely  removed  from  what  is  now  the  mainland.  This 
explains  the  fact  that  while  north  of  Middletown  the  Connecticut 
meanders  through  a  wide  north-south  sandstone  valley,  south  of  Mid- 
dletown it  abruptly  leaves  this  valley  and  flows  through  a  narrow- 
gorge  in  the  crystalline  peneplain  on  which  it  was  superposed  in  a 
purely  accidental  or  fortuitous  manner  by  the  wearing  down  of  the 
Cretaceous  plain  across  which  it  had  pursued  the  most  direct  sea- 
ward course. 

Origin  of  the  Tertiary  Strata^  including  the  Gray  Gravely  the 
Blue  Clayy  and  the  Yellow  Gravel  —  The  erosion  of  the  Cretaceous 
formation  was  followed  by  a  second  slow  but  less  extensive  submerg- 


Outline  of  the  Geology  of  Long  Island,  1 05 

ence  of  the  land,  during  which  were  deposited  the  Tertiary  strata. 
As  the  Tertiary  sea  slowly  encroached  upon  the  land,  the  Cretaceous, 
strata  remaining  above  sea-level  were  worked  over  by  the  waves,  and. 
the  coarse  material  sorted  out  and  deposited  always  near  the  advanc*^ 
ing  shore  to  form  a  basement  bed  of  coarse,  dark  gray  gravel  and 
sand,  while  the  clayey  element  was  deposited  farther  out  in  deep, 
still  water  to  make  the  blue  clay  formation  overlying  the  dark  gray 
gravel  and  sand.  This  dark  gravel  and  sand  formation,  which,  although 
an  important  water-horizon,  is  more  or  less  interstratified  with  clay,  is. 
commonly  10  to  20  feet  thick,  but  sometimes  much  thicker  (50  to  lOO' 
feet)  where  it  fills  hollows  in  the  eroded  Cretaceous  beds.  The  over- 
lying blue  clay  is  normally  at  least  100  feet  thick,  but  in  some  places, 
is  much  thinner,  where  it  has  been  eroded  before  the  deposition  over- 
it  of  the  great  mass  of  iron-stained  quartz-gravel,  the  formation  of. 
which  is  explained  in  the  next  paragraph. 

Finally  the  shore-line,  in  its  northward  progress,  reached  the  hard' 
crystalline  rocks  (granite,  gneiss  and  schist)  of  the  recently  denuded 
Cretaceous  peneplain  of  southern  Connecticut ;  and  the  subsidence  of" 
the  land  beneath  the  waves  was  so  slow  and  long  continued,  that  the.- 
sea,  cooperating  with  subaferial  agencies  (rain,  frost,  streams,  etc.),  hadi 
time  to  develop,  for  a  breadth  of  5  to  10  miles,  a  new  (Tertiary)  pene- 
plain several  hundred  feet  lower  than  the  Cretaceous  peneplain.  Dur- 
ing this  slow  process  of  peneplanation  (wearing  down  of  the  land  to* 
an  approximately  plane  surface)  the  sea  also  had  time  to  reduce  all 
the  constituents  of  the  crystalline  rocks,  except  the  quartz;  to  fine 
sand  and  clay,  which  were  swept  seaward  by  the  waves  and  currents, 
and  deposited  in  deep  water  remote  from  the  land ;  while  the  resist- 
ant quartz,  in  the  form  of  well-rounded  pebbles  or  gravel,  was  left 
near  the  shore,  covering  the  newly-formed  Tertiary  peneplain.  The 
gravel  is  thus  essentially  a  residuary  product  of  long-continued  marine 
erosion,  although  it  probably  consists  in  part  also  of  the  worked-over 
Cretaceous  gravels,  which  had  been  similarly  der'ved  from  the  crystal- 
line rocks  during  the  development  of  the  Cretaceous  peneplain  and 
sediments. 

This  slow  subsidence  of  the  land  was  probably  followed  by  an« 
oscillation  (elevation  and  subsidence)  during  which  the  blue  clay  suf- 
fered some  erosion,  and  the  great  mass  of  quartz-gravel  was  washed 
seaward  and  spread  over  the  eroded  surface  of  the  Tertiary  blue  clay 
as  we  now  find  it,  in  a  bed  having  a  normal  thickness  of  about  75  ta 
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lOO  feet,  but  attaining  a  greater  thickness  up  to  300  feet,  where  it 
fills  hollows  or  valleys  eroded  in  the  blue  clay.  This  immense  body 
of  residuary  quartz-gravel  which  is  now  the  principal  surface  forma- 
tion of  Long  Island,  covering  all  the  plain  country  both  north  and 
south  of  the  terminal  moraine,  and  which,  by  virtue  of  its  superficial 
position  and  open  (pervious)  structure,  is  also  the  chief  reservoir  of 
the  ground-waters,  has  become  more  or  less  stained  with  iron  oxide, 
and  is  known  by  geologists  as  the  yellow  gravel.  From  the  western 
•end  of  Long  Island  the  yellow  gravel  extends  southwestward  across 
Staten  Island  and  the  lowlands  of  New  Jersey ;  and  it  is  to  be  re- 
garded as  one  of  the  most  important  as  well  as  one  of  the  latest  for- 
mations of  the  Atlantic  seaboard.  It  belongs  chiefly,  at  least,  to  the 
Lafayette  division  of  the  Neocene  period ;  while  the  underlying  blue 
clay  and  gray  gravel  may  be  referred,  provisionally,  to  the  Chesapeake 
•division  of  the  Neocene. 

Origin  of  the  Terminal  Moraine  of  Long  Island,  —  Finally  came 
the  important  and  long-continued  elevation  of  the  land  which  ushered 
in  the  great  Ice  Age,  the  total  upward  movement  amounting,  accord- 
ing to  the  evidence  of  the  deep  submarine  channel  of  the  Hudson 
River,  to  at  least  3,000  feet.  During  this  elevation  of  the  land,  the 
lateral  tributaries  of  the  Connecticut,  Housatonic,  etc.,  wore  back 
the  northern  or  landward  edge  of  the  bed  of  yellow  gravel  and  the 
underlying  clays  and  sands,  developing  the  abrupt  slope  or  escarp>- 
ment  which  now  forms  the  northern  edge  of  Long  Island,  —  a  typical 
•cuesta  overlooking  the  inner  lowland  which  is  now  occupied  by  Long 
Island  Sound. 

As  the  land  gained  in  height,  the  great  ice-sheet  slowly  crossed 
the  lowland,  pushed  against  the  cuesta,  or  northward-facing  escarp- 
ment, distorting  the  strata ;  and  finally  surmounting  the  cuesta,  built 
upon  its  crest  the  terminal  moraine,  which  is  largely  composed  of 
yellow  gravel,  clay  and  sand  scraped  up  by  the  ice  from  the  northern 
face  of  the  ridge. 

Description  of  the  Terminal  Moraine. — The  moraine  is,  in  places, 
several  miles  wide,  and  ranges  in  height  from  nothing  to  about  200 
feet,  presenting,  where  most  typically  developed,  a  strongly  undulat- 
ing surface  —  a  disorderly  grouping  of  winding  ridges,  hummocks  and 
hollows,  with  many  closed  basins  or  "kettles." 

The  moraine,  known  commonly  as  the  "backbone"  of  Long  Island, 
is   most  normally  developed  toward  the  west   end   of   the  island,  in 
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Brooklyn,  where  the  till,  or  bowlder-clay,  attains  its  maximum  thickness- 
of  150  to  2CX)  feet,  and  thence  eastward  to  Roslyn,  or  as  far  as  the 
Sound  is  narrow.  As  the  Sound  widens  eastward  we  find  that  the 
proportion  of  material  which  was  brought  across  from  the  mainland 
by  the  ice-sheet  steadily  diminishes ;  and  the  moraine  is  composed  in 
increasing  proportion  of  sand  and  gravel  scraped  up  and  pushed  up  by 
the  ice  from  the  northern  or  scarp  face  of  the  cuesta,  with  occasional 
bowlders  of  granite,  gneiss,  etc.,  sometimes  of  great  size  (10  to  30' 
feet  in  diameter),  resting  upon  it. 

The  deep,  fiord-like  indentations  or  bays  of  the  northern  coast  all 
have  a  south-southeast  trend,  coinciding  with  the  direction  of  glacial 
movement ;  and  there  can  be  no  doubt  that  they  were  formed  chiefly^ 
if  not  wholly,  by  the  scouring  action  and  thrust  of  thick  lobes  of  the 
ice-sheet.  It  is  of  special  interest  in  this  connection  to  note  that  the 
highest  and  broadest  parts  of  the  moraine  lie  in  the  trend  of  these 
fiords,  or  just  where  the  theory  that  the  fiords  were  plowed  out  by  the 
ice  would  lead  us  to  expect  a  special  accumulation  of  material.  Thus, 
south-southeast  of  the  indentations  of  the  coast  named  below,  we  find 
the  corresponding  hills. 

Hempstead  Harbor,  Harbor  Hill,  384  feet  high. 

Cold  Spring  Harbor,  Janes  Hill,  383  feet  high,  and  other  hills- 
above  300  feet,  including  the  ridge  extending  south  to  Bethpage. 

Huntington  Bay,  Dix  and  Comae  Hills,  250  feet. 

Smithtown  Harbor,  Mt.   Pleasant,  200  feet. 

Stony  Brook  Harbor,  Bald  Hills,  200  feet. 

Port  Jefferson  Harbor,  Reuland's  Hill,  340  feet. 

Wading  River,  Terry's  Hill,   175  feet. 

That  the  clay  ridge  or  ridges  extending  south-southeast  from  Cold 
Spring  and  Huntington  Harbors  to  Bethpage  and  West  Deer  Park  are 
due  to  glacial  thrust  appears  reasonably  certain,  the  overlying  gravel 
having  been  largely  scraped  off  by  the  movement  of  the  ice. 

The  southern  limit  of  the  ice  action  is  very  indefinite,  being 
marked  chiefly  by  scattering  bowlders.  While  the  ice-sheet  was  build- 
ing its  moraine,  the  water  resulting  from  its  melting  partly  escaped  to 
the  southward,  washing  more  or  less  sand  and  gravel  down  across  the 
northern  edge  of  the  broad  plain  of  yellow  gravel  extending  from  the 
moraine  to  the  southern  coast.  This  over-wash  material,  or  apron- 
plain,  is  probably  relatively  unimportant,  and  we  may  regard  the  main 
body  of  the  gravel  forming  this  great  plain  as  preglacial,  and  as  ex-> 
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tending  continuously  through  the  morainal  tract  to  the  northern  coast. 
In  fact,  the  moraine  itself  is  chiefly  due  to  the  mashing  and  scrap- 
ing up  of  the  gravel,  as  previously  stated.  The  accompanying  diagram- 
matic section  by  Hollick  shows  the  general  relations  of  the  moraine 
to  the  underlying  formations,  and  the  highly  disturbed  and  crumpled 
•condition  of  the  latter. 
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TO  THE  UNDBRLYIHG  FORMATIONS.      After  Hollick. 

Post-glacial  Deposits  and  Cluxnges.  —  Since  the  recession  of  the 
ice-sheet,  the  land  has  subsided  until  the  sea  has  covered  the  inner 
lowland,  forming  Long  Island  Sound ;  and  it  is  supposed  that  this 
part  of  the  coast,  after  one  or  more  oscillations,  is  still  slowly  sink- 
ing. By  virtue  of  the  monoclinal  structure,  the  strata  all  dipping 
to  the  south  lo  to  25  feet  per  mile,  the  northern  coast  of  the  island 
is  bold  and  sharply  defined,  while  the  southern  coast  is  shifting  and 
indefinite,  and  bordered  by  a  continuous  line  of  barrier  beach. 

The  recent  studies  of  glacialists  afford  fairly  accordant  indications 
as  to  the  length  of  post-glacial  time,  the  most  probable  estimate  being 
that  something  like  io,cx>0  years  have  elapsed  since  the  final  disappear- 
ance of  the  great  ice-sheet  from  the  latitude  of  Long  Island.  The 
only  noteworthy  changes  in  the  geological  formations  of  Long  Island 
during  this  post-glacial  period  are  the  construction  by  the  waves  of 
the  barrier  beach  along  the  southern  coast,  the  erosion  of  the  head- 
lands of  the  northern  coast,  and  the  partial  silting  up  of  the  bays, 
harbors,  and  inlets  of  both  coasts.  The  extent  of  subaerial  erosion 
during  the  same  period  has  been  almost  inappreciable,  owing  largely, 
as  explained  in  the  next  paragraph,  to  the  high  porosity  of  the  yellow 
.gravel,  which  prevents  the  formation  of  surface  streams. 

The  preservation  of  the  integrity  of  the  plain  of  yellow  gravel 
south  of  the  moraine  and  forming  from  one-half  to  two-thirds  of  the 
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entire  area  of  the  island,  through  glacial  and  post-glacial  times  is  un- 
doubtedly due  to  the  well  assorted  and  consequently  highly  porous 
character  of  the  material,  which  absorbs  the  rain-water  and  prevents 
the  formation  of  surface  streams  above  the  general  water-level  of  the 
plain.  Where  the  gravel  is  so  situated  that  it  can  be  undermined  by 
the  washing  away  of  the  underlying  clay,  the  gravel  must,  of  course, 
suffer  erosion  with  the  clay.  But  over  its  upper  surface  the  gravel 
is  almost  impregnable,  so  that  its  geological  age  is  out  of  proportion 
to  the  slight  amount  of  erosion  which  it  exhibits. 

The  yellow  gravel  must  have  been,  when  first  deposited,  white  or 
non-ferruginous,  for  the  mechanical  action  of  the  waves  would  soon 
remove  the  pellicle  of  iron  oxide  which  now  invests  each  pebble ;  and 
the  present  iron-stained  condition  of  the  gravel  is  an  index  of  its 
porosity,  being  clearly  due  to  the  percolation  and  evaporation  of 
meteoric  water,  probably  at  a  time  when  the  land  stood  higher  than 
now,  and  the  water-level  may  have  sunk  in  dry  seasons  to  the  bottom 
of  the  gravel,  giving  the  atmosphere  a  chance  to  penetrate  and  per- 
oxidize  the  dissolved  iron,  one  source  of  which  is,  perhaps,  to  be  found 
in  the  pyritiferous  blue  clay,  especially  where  it  has  been  scraped  up 
to  form  a  part  of  the  terminal  moraine. 

Summary  of  the  Geological  Structure  and  Correlation  of  the 
Strata.  —  Regarding  Long  Island  as  it  now  exists,  we  find  that  it  is  a 
sloping  plain  from  10  to  20  miles  wide,  and  from  100  to  200  feet  high 
along  its  deeply  indented  northern  edge.  On  this  high  edge  is  built 
the  terminal  moraine,  adding  from  zero  to  200  feet  to  the  height. 
The  crystalline  rocks  are  exposed  only  on  the  extreme  northwest  cor- 
ner of  the  island,  in  Long  Island  City  and  the  immediate  vicinity  of 
Hell  Gate.  The  surface  of  the  crystalline  rocks  slopes  to  the  south- 
east, and  probably  at  a  somewhat  uniform  rate,  gaining  a  depth  of 
about  550  feet  below  sea-level  in  the  first  five  miles,  as  shown  by  the 
artesian  well  at  Woodhaven. 

Upon  this  crystalline  floor  rests  the  great  thickness  of  Cretaceous 
sands  and  clays.  The  Cretaceous  outcrop  is  very  largely  covered  by 
the  terminal  moraine,  but  its  southeastern  border  is  a  line  extending 
from  Bay  Ridge,  on  the  Narrows,  to  Eaton's  Neck,  on  the  shore  of  the 
Sound.  The  outcrop  of  the  bed  of  dark  gray  sand  and  gravel  separat- 
ing the  Cretaceous  and  Tertiary,  and  forming  the  lower  water-horizon, 
is  quite  clearly  indicated  by  the  east-west  indentations  of  the  shores 
of  the  northern  bays,  from  Manhasset  to  Eaton's  Neck.     The  inter- 
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vening  headlands  or  necks  are  thus  more  or  less  completely  divided^ 
the  Cretaceous  clays  outcropping  on  the  northern  member,  and  the 
Tertiary  clays  on  the  southern  member  of  eacTi  neck.  Beyond  Eaton's 
Neck,  however,  the  Cretaceous  clays  are  wanting ;  and  in  the  vicinity 
of  Port  Jefferson  and  on  Crane's  Neck  we  have  only  the  Tertiary 
clays.  The  southern  border  of  the  Tertiary  clay  outcrop  passes  near 
the  head  of  each  bay  or  harbor.  In  consequence,  however,  of  the 
disturbance  of  the  strata  due  to  the  pressure  and  thrust  of  the  ice- 
sheet,  the  Tertiary  clay  also  outcrops  south  of  this  line,  at  East  Wil- 
liston,  Bethpage,  and  West  Deer  Park. 

Near  Brooklyn  the  normal  dip  of  the  strata  is  southeast,  and  far- 
ther east  it  is  south-southeast.  The  dip  evidently  exceeds  the  slope  of 
the  broad  coastal  plain  (lo  to  20  feet  per  mile),  averaging  perhaps  25 
feet  per  mile.  From  a  comparison  of  the  Woodhaven  and  Barren. 
Island  artesian  wells,  Woolman  concludes  that  the  normal  dip  in  that 
part  of  the  field  is  south-southeast,  about  45  feet  per  mile. 

The  Cretaceous  formation  is  a  complex  of  coarse  and  fine  sedi- 
ments—  a  constant  alternation  of  sand  and  clay,  with  some  gravel, 
through  a  great  thickness.  The  blue  clay  is  in  part  distinctly  carbon- 
aceous (black)  and  characterized  by  carbonized  wood,  or  lignite,  and 
both  disseminated  and  nodular  sulphide  of  iron  (marcasite).  Super- 
ficially, also,  the  clay  is  often  oxidized  to  buff  and  brown  tints. 

The  fact  that  on  Long  Island  the  outcrops  of  the  Cretaceous  and 
Tertiary  strata  are  almost  completely  covered  by  the  terminal  moraine, 
and  the  further  facts  that  these  formations  are  unlithified,  and  that  in 
the  morainal  belt  they  have  been  very  extensively  disturbed  and  dis- 
placed by  the  pressure,  thrust  and  abrasive  action  of  the  ice-sheet, 
have  baffled  all  attempts  to  unravel  the  details  of  the  stratigraphy  and 
obtain  the  data  for  a  satisfactory  correlation  with  the  formations  of 
New  Jersey  by  surface  observations.  It  is  obvious  that  for  the  solu- 
tion of  this  problem  we  must  depend  chiefly  upon  the  records  of  arte- 
sian wells  and  other  borings,  and  these  are  as  yet  insufficient  for  the 
purpose.  Greensands,  which  are  such  a  prominent  feature  of  the 
Upper  Cretaceous  of  New  Jersey,  are  conspicuous  by  their  absence 
on  Long  Island.  This  fact,  with  others  of  like  import,  and  the 
absence  of  distinctive  fossils,  indicate  that  the  Upper  Cretaceous,  at 
least  above  the  Clay  Marls,  is,  in  the  main,  unrepresented  on  Long 
Island.  This  may  be  due  to  non-deposition,  but  quite  as  likely  to  the 
erosion  which  preceded  and  attended  the  advent  of  the  Tertiary  strata; 
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for  the  borings  indicate  very  plainly  a  strong  erosion  unconformity 
between  the  Cretaceous  and  Tertiary. 

That  the  blue  clay,  with  the  intercalated  and  underlying  sands  and 
gravels,  represents  the  Chesapeake  division  of  the  Neocene  Tertiary 
is  reasonably  certain ;  but  it  does  not  appear  that  the  diatomaceous 
phase  of  the  clay  is  well  or  distinctly  developed  on  Long  Island.  The 
yellow  gravel,  which  rests  in  entire  unconformity  upon  all  the  older 
formations,  may,  in  the  main,  at  least,  be  referred  with  confidence,  as 
in  New  Jersey,  to  the  Lafayette  division  of  the  Neocene ;  while  the 
modified  drift  south  of  the  moraine,  consisting  to  a  large  extent  of 
the  yellow  gravel,  and  not  always  readily  distinguishable  from  it,  but 
with  incorporated  subangular  pebbles  of  granite  and  gneiss  and  other 
glacial  detritus,  is  clearly  the  equivalent  of  the  Columbia  division  of 
the  Pleistocene. 


Relations    of    the   Ground-Water   to   the   Geological 

Structure. 

Water-bearing  Formations  of  the  Atlantic  Seaboard.' 


Age. 

Formation. 

Thkkneas. 

Plxisttocene  .... 

(  Glacial  drift,  including  the  terminal  moraine. 

f  Columbia,  or  glacial  gravel  south  of  the  moraine. 

Neocene 

'  Lafayette  —  Yellow  Gravel. 

•  Chesapeake  —  Marls,  clays  and  sands,  and  the  great 

Diatom  bed. 

Eocene 

Shark  River  — Part  of  Upper  Marl  bed. 

12  feet. 

'Manasquan  —  Part  of  Up]>er  Marl  bed. 
Rancocas  —  Middle  Marl  bed. 

65  feet. 
50  feet. 

Upper  Cretaceous   . 

Red  Sand. 

50  feet. 

Monmouth  —  Lower  Marl  bed. 

100  feet. 

Matawan  —  Clay  Marls. 

275  feet. 

Lower  Cretaceous  . 

Raritan  — Plastic  Clay. 

347  feet 

Jura- Trias    .... 

Red  shales  and  sandstones,  with  trap  sheets. 

I  Compiled  from  the  Reports  of  the  Geological  Survey  of  New  Jersey. 


no  W,   O.   Crosby. 

Principal   Water-Horizons  of  New  Jersey} 

First  Horizon.  —  The  Raritan  Group,  This  may  be  defined  as 
a  group  of  two  or  three  horizons  in  heavy  gravel  and  cobble  strata 
near  the  base  of  the  Plastic  Clays,  which  clays  are  variously  colored 
white,  yellow  and  red,  or  they  are  mottled  in  all  these  colors.  The 
color  of  the  water-yielding  gravels  may  be  defined  as  a  yellowish 
white  in  contrast  with  those  of  the  next  higher  horizon,  which  are  of 
a  bluish  white. 

Second.  —  The  Sewell  Horizon.  At  the  top  of  the  Plastic  Clays 
and  base  of  the  Clay  Marls.  The  water-bearing  gravels  are  often  very 
coarse.  Their  color  is  a  bluish  white  in  contrast  with  those  of  the 
first  group. 

Third.  —  The  Woodbury-  Wenonah  Horizon,  This  horizon  is  near 
the  base  of  the  Clay  Marls.  In  the  region  about  Woodbury,  the  depths 
of  the  various  wells  seem  somewhat  too  irregular  to  indicate  a  well- 
defined  water-bearing  sand ;  and  this  horizon  is  there  probably  distrib- 
uted through  a  considerable  thickness  of  laminated  sands ;  while  in  the 
neighborhood  of  Wenonah  the  horizon,  according  to  our  present  infor- 
mation, is  not  so  thick,  and  yet  appears  to  be  more  decidedly  a  single 
sand  bed. 

Fourth.  —  The  Cropwell  Horizon,  This  horizon  is  midway  in  the 
Clay  Marl  or  Matawan  formation.  It  is  not,  so  far  as  yet  known,  more 
than  a  few  feet  thick,  but  yields  mostly  a  satisfactory  quality  of  water, 
often  doing  so  at  points  where  the  water  from  the  next  higher  horizon, 
as  is  occasionally  the  case,  proves  somewhat  too  highly  charged  with 
iron. 

Fifth.  —  The  Marlton  Horizon.  At  the  top  of  the  Clay  Marls 
and  base  of  the  true  greensand  marl  series,  which  consists  of  the 
Upper,  Middle  and  Lower  Marl  beds. 

Sixth.  —  The  Lindenwold  Horizon,  A  few  wells  have  been  de- 
veloped in  this  horizon,  which  is  within  the  Bryozoan  limesands  next 
above  the  Middle  Marl  bed. 

Seventh.  —  The  g^O-foot  Atlantic  City  Horizon,  This  horizon 
may  be  regarded  as  one  not  yet  thoroughly  defined.  The  only  wells 
so  far  known  that  can  draw  from  it,  are  one  each  at  Winslow  and 
Berkeley,  and  one  to  the  950-foot  horizon  at  Atlantic  City.  This 
horizon  is  probably  at  the  base  of  the  Neocene  and  top  of  the  Eocene 
beds. 


^  Compiled  from  the  Reports  of  the  Geological  Survey  of  New  Jersey. 
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Eighth. —  The  800 foot  Atlantic  City  Horizon.  About  150  feet 
higher  than  the  preceding  one,  and  about  125  feet  below  the  base  of 
the  great  300  to  400-foot  Diatom  bed  in  the  Neocene. 

Ninth.  —  The  y 00 foot  Atlantic  City  Horizon.  About  100  feet 
or  more  higher  than  the  fifth,  and  a  little  below  the  base  of  the  great 
Diatom  bed  in  the  Neocene. 

Minor  horizons  yielding  much  less  water  than  those  above  listed 
occur  above  the  ninth  or  700-foot  Atlantic  City  horizon,  in  or  in  close 
connection  with,  the  great  Diatom  clay  bed  of  the  Chesapeake  division 
of  the  Neocene  strata. 

Tenth.  —  The  Yellow  Gravel  Horizon.  Of  very  exceptional  im- 
portance on  Long  Island. 

Passing  along  the  coast  northward  from  Barnegat,  New  Jersey, 
some  of  the  upper  of  these  horizons  would  not  be  met  with  at  all 
points,  but  southward  from  Barnegat  if  a  well  were  drilled  anywhere 
fiufficiently  deep,  it  would  probably  find  all  of  them,  unless  perhaps 
a  few  of  the  thinner  ones  which  have  as  yet  only  been  developed  in 
the  central  and  western  parts  of  the  coastal  plain,  might  not  con- 
tinue as  open  sands  so  far  seaward. 

The  following  table  gives,  where  known,  the  approximate  interval 
in  feet  from  the  top  of  one  horizon  to  the  top  of  the  next : 


Water- Horizons  in  Stratigraphical  Order,  Commencing  at  the  Top. 

Yellow  Gravel. 

700- foot  Atlantic  City  horizon. 


Interval  about  100  feet. 

800-foot  Atlantic  City  horizon. 
Interval  about  150  feet. 

950-foot  Atlantic  City  horizon. 

Interval  not  yet  known.  . 

Undenwold  horizon. 

Interval  about  50  feet. 

Marlton  horizon. 

Interval  about  115  feet. 

Cropwell  horizon. 

Interval  125  to  150  feet 

Woodbury- Wenonah  horizon. 
Interval  about  70  feet. 

Sewell  horizon. 

Interval  not  yet  determined. 

Raritan  horizons.    A  group. 


' 


Neocene. 


Eocene. 


Cretaceous. 
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The  principal  horizons  near  the  coast  in  northern  New  Jersey  are 
the  Woodbury- Wenonah  and  the  Cropwell.  The  southward  increase 
in  the  depths  of  these  horizons  is  shown  by  the  following  data : 


Locality. 

Cropwell  Horixon. 

Woodbury- Wenonah  Horixoa. 

Asbury  Park 

Ocean  Grove 

Belmar 

Sea  Girt 

Bay  Head 

Mantoloking 

400  feet. 
400  feet 
500  feet. 
600  feet. 
710  feet. 
790  feet. 

525  feet 
525  feet 
650  feet 
735  feet. 
885  feet. 
922  feet. 

Both  of  these  horizons  are  in  the  laminated  sands  (sands  alternat- 
ing with  clays)  forming  the  upper  part  of  the  Clay  Marl  formation. 
The  Clay  Marl  is  275  feet  thick,  and  is  separated  from  the  Triassic 
by  347  feet  of  Plastic  (potters')  Clay  and  lignite  of  the  Raritan  forma- 
tion—  the  basal  member  of  the  Cretaceous. 


The    Water-Horizons  of  Long  Island, 

Long  Island  is  almost  as  completely  isolated  geologically  as  it  is 
geographically.  The  fact  that  its  sedimentary  formations  do  not  out- 
crop on  the  mainland  of  Connecticut  or  New  York  makes  it  entirely 
impossible  that  they  should  derive  water  directly  from  the  rainfall  of 
those  regions ;  and  when  we  consider  the  massive  structure  of  the 
underlying  crystalline  rocks,  and  still  more  the  continuous  barrier 
presented  to  the  westward  by  the  great  trap-sheet  forming  the  Pali- 
sades of  the  Hudson  and  extending  south  through  Jersey  City,  Bergen 
Point  and  Staten  Island  to  Perth  Amboy  in  New  Jersey,  it  becomes 
evident  that  it  is  equally  impossible  by  deep  subterranean  flow. 

Southwestward,  the  Cretaceous  and  Tertiary  formations  of  Long 
Island  are  undoubtedly  continuous  with  those  of  Staten  Island  and 
New  Jersey ;  and  with  no  barrier  intervening,  save  the  sea ;  but  the 
movement  of  the  ground-water  along  the  strike  of  the  strata  for  so 
great  a  distance  is  in  the  highest  degree  improbable.  We  must,  there- 
fore, conclude  that  the  rain-water  falling  on  Long  Island  is  the  only 
possible  source  of  the  fresh  water  contained  in  its  strata. 
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The  Raritan  and  Clay  Marl  formations  are  probably  the  only  divi- 
sions of  the  Cretaceous  represented  on  Staten  and  Long  Islands,  and 
the  Clay  Marl  only  imperfectly. 

In  New  Jersey,  where  the  Cretaceous  strata  outcrop  wholly  on  the 
land,  some  of  the  sand  and  gravel  layers  are,  as  the  preceding  notes 
show,  important  water-horizons  ;  in  fact,  a  principal  source  of  the 
artesian  supplies.  But  on  Long  Island  these  coarse,  water-bearing 
strata  appear  to  be  less  persistent,  and  they  outcrop  mainly  below  sea- 
level.  They  thus  lack  an  appreciable  hydrostatic  head;  and  if  they 
were  heavily  drawn  upon,  the  water  might  become  brackish.  In  only 
three  of  the  Long  Island  wells  of  which  we  have  authentic  records, 
is  a  satisfactory  supply  of  water  obtained  from  the  Cretaceous  beds. 
One  of  these  is  test  well  No.  25,  of  the  Brookl)ai  Water  Supply,  and 
the  other  two  are  on  Barren  Island,  in  Jamaica  Bay.  The  latter  are 
flowing  wells,  yielding  fifty  gallons  each  per  minute  of  excellent  water 
from  a  stratum  30  feet  thick  of  yellowish  white  coarse  sand  and  fine 
gravel,  with  clay  above  and  below.  This  is  supposed  to  belong  to  the 
top  of  the  Plastic  Clay  (Raritan),  though  possibly  to  the  base  of  the 
Clay  Marls  (Matawan) ;  and  in  the  report  of  the  State  Geologist  of 
New  Jersey  for  1896,  it  is  stated  that  the  water  horizon  opened  by 
this  well  can  probably  be  relied  upon  to  supply  fresh  water  to  many 
of  the  beaches  to  the  eastward  along  the  southern  coast  of  Long 
Island.  It  is  also  stated  that  the  coarse  white  sand  and  gravel  found 
in  the  Woodhaveh  well  between  456  and  515  feet  is  probably  the 
same  bed  as  the  water  horizon  at  Barren  Island  (690-740  feet)  and 
that  it  could  probably  be  made  to  yield  water  at  Woodhaven.  The 
artesian  well  at  Bamum  Island  (383  feet)  is  believed  to  end  in  the 
upper  part  of  the  Clay  Marls.  It  affords  but  little  water,  and  in  spite 
of  the  few  successful  wells,  there  appears  to  be  but  little  encourage- 
ment to  extend  borings  or  wells  into  the  Cretaceous ;  but  it  does 
appear  to  be  a  matter  of  importance  to  discover  by  systematic  borings 
the  valleys  which  were  eroded  in  the  Cretaceous  and  subsequently 
filled  by  the  gray  sand  and  gravel  series  underlying  the  blue  clay. 

Omitting  the  Cretaceous,  the  formations  of  Long  Island  present, 
in  a  general  view,  two  principal  water-horizons,  the  gray  gravel  and 
sand  below  the  blue  clay,  and  the  yellow  gravel  and  sand  above  it. 
The  blue  clay  and  the  gray  gravel  and  sand  normally  underlying  it, 
but  also  more  or  less  interstratified  with  it,  appear  to  be  merely  the 
coarser  and  finer  parts  of  the  same  formation ;  and  the  fact  that  the 
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gray  gravel  and  sand  in  not  a  few  instances  are  not  water-bearing,  is 
doubtless  due  in  part  to  their  lack  of  continuity  where  inclosed  in 
the  clay,  and  partly  to  the  clay  which  they  contain.  Unlike  the 
yellow  gravel,  the  water-bearing  quality  of  the  gray  gravel  cannot 
be  depended  upon,  but  must  be  determined  by  trial. 

Through  the  erosion  of  the  blue  clay,  material  was  provided  to- 
form  the  limited  beds  of  clay  which  are  encountered  here  and  there 
in  the  yellow  gravel.  These  are  found  chiefly,  as  we  should  expect,  in 
the  lower  part  of  the  gravel,  and  in  the  south  part  of  the  island,  as 
shown  in  borings  Nos.  22  and  25,  of  the  Brooklyn  Water  Works. 
They  are  probably  rather  rarely  of  particular  value  in  determining  the 
flow  of  water,  since  they  are  not  likely  to  outcrop  at  the  surface  ;  and 
we  may  suppose  that  in  some  cases  they  are  so  limited  in  area  that 
water  descending  vertically  through  the  gravel  might  flow  over  the 
edges  of  the  intercepting  lenses  or  patches  of  clay,  and  so  descend  to 
lower  levels. 

It  is   not   improbable  that   erosion   before  the  deposition  of   the 
yellow  gravel  has  cut  at  some  points  entirely  through  the  blue  clay^ 
so  that  the  yellow  gravel  now  rests  directly  upon  the  lower  gravel  or 
the  Cretaceous  strata.      Such  breaks  in  the  blue  clay  would  almost 
certainly  have  north-south  trends ;  and  except  along  such  lines,  if  they 
exist,  the  intake  or  catchment  area  of  the  lower  or  dark  gray  gravel  is 
necessarily  confined  to  the  north  shore  and  must  be  conceded  to  be 
rather  limited.      In  other  words,  this  lower   gravel  is  a  reservoir  of 
great  capacity  and  with  a  head  of    say  200  feet,  which  is  now  full 
of  water.     But  if  the  reservoir  were  drawn  upon  heavily,  the  intake 
might  prove  insufficient  to  keep  it  full.     An  important  consideration 
in  this  connection  is  that  the  intake  or  outcrop  of  this  gravel  crosses 
all  of  the  harbors  between  Brooklyn  and  Eaton's  Neck ;  while  east  of 
Eaton's  Neck  it  is  wholly  under  the  sea,  suggesting  the  possibility 
that  if  subjected  to  large  drafts  it  might  in  time  yield  brackish  water, 
at  least  at  some  points.     The  intake  or  catchment  area  of  the  upper 
gravel,  on  the  contrary,  is  from  10  to  15  miles  wide;  and  since  this 
gravel  averages  at  least  100  feet  in  depth,  its  store  of  water  would 
seem  to  be  practically  inexhaustible,  for  the  rainfall   promptly  sinks 
into  the  gravel  with  very  little  loss  by  either  evaporation  or  surface 
drainage.     Again,  the  normal  intake  of  the  lower  gravel  being  on  the 
north  side  of  the  island  where  the  strata  are  so  greatly  disturbed,  it 
is  by  no  means  certain  that  the  flow  would  be  wholly  or  mainly  to  the 
south. 
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The  sedimentary  formations  of  Long  Island  are  not  now  exposed 
on  the  north  shore  of  the  Sound,  and  it  is  probable  that,  except  for  the 
drift  and  post-glacial  silting,  the  crystalline  rocks  form  the  immedi- 
ate floor  of  the  Sound  over  its  entire  northern  slope,  only  the  abrupt 
southern  slope  consisting  of  the  Cretaceous  and  Tertiary  strata. 

The  highly  disturbed  condition  of  the  strata  on  the  north  side  of 
the  island,  and  the  infrequency  of  satisfactory  outcrops,  makes  the 
construction  of  an  accurate  or  detailed  section  impossible.  Another 
very  uncertain  factor  is  introduced  by  the  strong  erosion  of  both  the 
Cretaceous  and  Tertiary  clays  before  the  deposition  over  them  of  the 
water-bearing  gravels.  This  cause  of  irregularity  probably  extends 
quite  across  the  island,  and  it  is  for  the  determination  of  these  erosion 
hollows  and  the  great  depths  of  gravel  filling  them,  that  systematic 
borings  are  especially  needed. 

The  abruptness  of  the  north  shore,  and  the  disturbed  condition  of 
the  strata,  which  often  dip  to  the  north,  make  it  impossible,  also,  to 
attach  much  importance  to  the  portion  of  either  gravel-horizon  north 
of  the  moraine.  The  yellow  gravel  is  naturally  the  most  disturbed, 
but  it  also  has  a  large  catchment  area,  which  is  almost  wholly  above 
sea-level,  while  the  lower  gravel,  although  quite  certainly  less  disturbed 
and  dipping  quite  steadily  to  the  south,  has  a  relatively  limited  catch- 
ment area,  and  that  is  largely  submarine.  The  water  in  the  lower 
gravel,  having  no  natural  outlet,  must  be  essentially  stagnant,  and  so 
remain  until  tapped  by  deep  wells  along  the  southern  shore.  This 
fact,  together  with  the  abundance  of  wood  and  other  carbonaceous 
matter,  and  of  marcasite  (iron  sulphide),  affords  an  explanation  of 
the  comparatively  stale  and  mineralized  character  of  this  water. 

The  Bethpage  and  West  Deer  Park  ridge  of  Tertiary  clay  greatly 
narrows  the  plain  of  yellow  gravel,  and  must  accentuate  its  basal 
slope.  This  tlay,  which  appears  again  near  Lake  Ronkonkoma,  prob- 
ably attains  a  high  level  near  the  southern  margin  of  the  moraine 
from  Bethpage  eastward.  Therefore,  little  reliance  should  be  placed 
upon  the  yellow  gravel  north  of  this  line ;  and  borings  are  urgently 
needed  to  test  the  thickness  of  the  yellow  gravel  and  the  depth  and 
gradient  of  the  water-level  in  it,  before  plans  for  the  development  of 
the  Brookhaven  watershed  are  fully  matured. 

The  following  list  of  Artesian  wells  in  Long  Island  is  not  exhaust- 
ive, embracing  only  those  of  most  particular  geological  interest.  The 
wells  designated   by  number  are  test  wells   of  the  Brooklyn  Water 
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Works.  In  tabulating  the  borings  it  has  been  found  advantageous 
to  generalize  the  data  in  order  to  bring  out  more  clearly  the  main 
geological  facts.  The  first  four  borings  in  the  tabulated  list  (Jamaica, 
Jericho,  Hollis  and  Port  Eaton)  represent  the  northern  edge  of  the 
field,  while  all  the  others  are  near  the  southern  margin  and  mostly 
near  the  conduit  line  where  it  crosses  the  Hempstead  Plains. 

a.  The  Cretaceous  in  this  well  consists,  downward,  of  gray  clay 
with  wood,  19  feet ;  fine  sand  with  wood,  36  feet ;  fine  sand  and  clay, 
with  wood,  1 1  feet ;  fine  sand  with  wood,  38  feet  =104  feet. 

b.  The  blue  clay  is  described  as  sandy  clays ;  the  gray  gravel  is 
really  a  fine  gray  quicksand ;  the  Cretaceous  consists  of  alternating 
beds  of  sand  and  clay  with  some  lignite,  in  beds  from  5  to  50  feet 
thick,  representing  both  the  Matawan  and  Raritan;  the  well  pene- 
trated 21  feet  into  the  gneiss. 

c.  The  104  feet  of  dark  sand  and  gravel  is  probably  in  part 
Cretaceous. 

d.  The  g^y  gravel  is  probably  included  with  the  Cretaceous. 

e.  The  yellow  gravel  is  all  sand;  the  blue  clay  is  described  as 
gray  clay  with  wood  and  pyrite ;  the  gray  gravel  as  gray  sand  with 
wood ;  and  the  Cretaceous  as  clay  and  sand  with  wood. 

/.  The  blue  clay  and  gray  gravel  may  be  included  in  the  276  feet 
of  alternating  sand  and  clay,  with  wood. 

g.  Two  driven  wells  near  Barnum's  Island,  97  and  194  feet  deep, 
failed  to  find  the  bed  of  blue  clay,  which  is  56  feet  thick  in  the  arte- 
sian well.  This  indicates  local  erosion  of  the  blue  clay  during  the 
deposition  of  the  yellow  gravel.  The  Cretaceous  of  this  well  is  be- 
lieved to  be  the  Matawan  or  Clay  Marls.  It  contains  much  fossil 
wood  in  the  form  of  lignite.  The  480  feet  of  Cretaceous  strata  in 
the  Barren  Island  wells  represent,  according  to  Woolman,  both  the 
Matawan  and  the  Raritan. 

A.  Clay  in  the  yellow  gravel  from  56  to  67  feet ;  the  blue  clay 
consists  of  sand  and  clay,  with  wood ;  the  gray  gravel  is  not  distinctly 
developed  ;  the  Cretaceous  consists  of  numerous  alternations  of  clay, 
sand  and  gravel,  with  wood  and  pyrite.  No  water  below  the  yellow 
gravel  except  a  little  between  329.6  and  338.6  feet. 

i.  Clay  in  the  yellow  gravel  from  52  to  74  feet;  the  blue  clay 
and  Cretaceous  are  essentially  the  same  as  in  No.  22. 

j\    Clay  in  the  yellow  gravel  from  68  to  78  feet. 

k.    Clay  in  the   yellow  gravel   from  53.8  to  61.8  feet;   the    blue 
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No.  11,  Jamaica     .     . 
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•    •     • 
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Water  in  gravels. 

Drift  51  ft ;  yellow  gravel 
%ft. 

No  water   below  yellow 
gravel. 

Salt  water  to  205  ft. ;  fresh 
water  at  263  ft. 

Ended  in  sandy  clay  with 
lignite. 

Ended    in   gneiss;    little 
water. 

Water  in  gravels. 
Water  in  gravels. 
Water  in  gravels. 
Water  in  gravels. 
Water  in  gravels. 

Water  in  gravels. 

No  water  below  yellow 
gravel. 

No  water  below  yellow 
gravel. 

No  water   bdlow  yellow 
gravel. 

No  water   below  yellow 
gravel. 

No  water    below  yellow 
graveL 

No  water  below  yellow 
gravel. 

Two    wells;    50   gallons 
each  per  minute. 

No  water. 

Four  wells ;  flow  largely. 

No  water   below  yellow 
gravel. 

No  water  below  yellow 
gravel. 


Sands  are  water-bearing. 
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clay  consists  of  sand  and  gravel,  35  feet,  and  clay  54  feet;  and  the 
Cretaceous  consists  of  alternating  clay,  sand  and  gravel,  with  wood. 

In  studying  these  borings,  the  erosion  of  the  blue  clay  before  and 
during  the  deposition  of  the  yellow  gravel  over  it  demands  particular 
attention.  A  valley  in  the  blue  clay  is  thus  clearly  shown  by  borings 
Nos.  9  and  12  ;  while  in  the  Hollis  well  (No.  6),  and  the  Barren  Island 
wells,  erosion  has  cut  entirely  through  the  blue  clay  and  the  underly- 
ing gravel,  so  that  the  yellow  gravel  rests  directly  upon  the  Cretaceous 
beds.  In  this  connection  the  gray  gravel  and  sand  normally  under- 
lying the  blue  clay  are  to  be  counted  as  a  part  of  it,  and  in  some 
cases,  perhaps,  where  the  clay  is  wanting,  as  its  full  equivalent. 

The  data  are  obviously  insufficient  to  define  satisfactorily  all  the 
erosion  troughs  or  valleys  in  either  the  Tertiary  or  Cretaceous  clays  ; 
and  the  need  of  a  systematic  exploration  of  the  coastal  plain  by  wash 
drill  borings  is  apparent. 

The  deep  well  at  Port  Eaton  on  the  north  shore  is  of  special  inter- 
est. The  water-level  is  at  the  surface,  which  is  only  4  feet  above  sea- 
level.  The  well  is  265  feet  deep,  and  wholly  in  the  yellow  gravel  and 
sand.  Salt  water  was  obtained  at  intervals  to  205  feet,  and  fresh 
water  was  first  found  at  263  feet. 

This  is  a  most  striking  instance  of  the  disturbance  and  displace- 
ment of  the  strata  by  the  ice-sheet.  The  ice  is  estimated  to  have 
been  anywhere  from  a  thousand  feet  to  a  mile  in  thickness ;  and  no- 
doubt  its  dead  (vertical)  weight  as  well  as  its  thrust  was  an  important 
factor  in  squeezing  out  the  blue  clay  and  depressing  the  yellow  gravel 
and  sand.  The  dip  of  the  beds  must  be  to  the  north  here,  and  the 
great  depth  at  which  the  first  fresh  water  was  found  would  seem  ta 
show  that  the  movement  of  the  ground  water  is  northward  for  a  con- 
siderable distance  back  from  the  shore.  This  well,  therefore,  strength- 
ens the  general  conclusion  that  the  northern  watershed  cannot  be 
depended  upon  to  furnish  water  to  the  yellow  gravel  south  of  the 
moraine. 

That  the  yellow  gravel  is  continuous  under,  or  underlies,  the  mo- 
raine, there  can  be,  as  stated,  no  reasonable  doubt ;  and  it  is  probably 
the  chief  source  of  the  water  afforded  by  wells  located  on  the  moraine,, 
as  in  Brooklyn  and  Long  Island  City,  where  the  records  show  that  the 
wells  pass  through  from  50  to  1 50  feet  or  more  of  bowlder-clay  to  a 
coarse,  clean  gravel  yielding  good  and  copious  supplies  of  water. 

The  details  of  a  few  of  these  wells  are  quoted  from  the  New 
Jersey  Reports  for  1897  and  1898: 


Outline  of  the  Geology  of  Long  Island,  il^ 

Five  wells  in  the  26th  ward  of  Brooklyn,  gave :  loam  and  fine  sand^ 
10  feet ;  water-bearing  gravel,  25  feet ;  clay,  i  foot ;  sand  and  gravel, 
35  to  65  feet ;  and  then  clay  (probably  the  blue  clay).  The  collective 
yield  of  these  wells  is  2,ooo,cxx)  gallons  in  24  hours.  The  yellow 
gravel  is,  evidently,  the  surface  formation  here.  The  well  at  Mal- 
colm's Brewery,  in  Brooklyn,  62  feet  deep,  presents  similar  conditions. 

Four  wells  in  Long  Island  City,  100  to  135  feet  deep,  passed 
through  bowlder-clay  to  a  coarse  gravel  which  yields  from  75  to  125. 
gallons  of  good  water  per  minute.  This  is  probably  the  yellow  gravel 
beneath  the  moraine. 

In  the  following  wells  the  yellow  gravel  is  wanting,  having,  appar- 
ently,  been  scraped  away  by  the  ice-sheet : 

Artesian  Well  in  Calvary  Cemetery,  Brooklyn. 

Drift,  (Moraine) 139  feet 

Greenish  earth  (Glauconitic  ? )  Cretaceous        ...  39  feet. 

White  clay 4  feet. 

Gneiss 400  feet. 

582  feet. 

Artesian  Well  of  the  Nassau  Gas-Light  Company,  Williamsburg» 

Drift,  (Moraine) 75     feet. 

Blue  clay  with  pebbles 27     feet. 

Oyster  shells 0. 5  feet. 

102.5  feet. 
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NOTES  ON  THE  GEOLOGY  OF  THE  SITES  OF  THE 
PROPOSED  DAMS  IN  THE  VALLEYS  OF  THE  HOU^ 
S ATONIC  AND    TEN  MILE  RIVERS^ 

By  W.  O.  CROSBY. 

General  Geology. 

This  is  a  region  of  crystalline  rocks  —  granite  and  gneiss,  with 
narrow  belts  of  limestone  and  mica  schist.  The  general  trend  of 
the  formations  is  approximately  north-northeast  and  south-south- 
west ;  and  the  principal  streams  exhibit  in  general  a  marked  ten- 
dency to  follow  closely  the  easily  eroded  bands  of  limestone,  this 
Tock  forming  at  most  points  the  bottoms  of  the  valleys.  The  valley 
of  the  Ten  Mile  River  is  excavated  in  an  exceptionally  broad  and  per- 
sistent belt  of  limestone  trending  in  a  general  north-south  direction ; 
and  the  much  narrower  limestone  band  of  the  Housatonic  Valley,  with 
its  south-southwest  trend,  joins  this  at  the  confluence  of  the  two 
rivers ;  and  this  is  just  the  point  where  the  Housatonic  River  turns 
abruptly  to  the  south-southeast  to  forsake  the  limestone  and  pursue 
its  devious  course  across  the  hard  crystalline  rocks  of  southern 
Connecticut  to  Long  Island  Sound. 

These  facts  point  very  distinctly  to  an  important  diversion  of  the 
drainage;  and  it  is  probably  a  safe  conclusion  that  the  united  Hou- 
satonic and  Ten  Mile  drainage  once  continued  in  the  direct  line  of 
the  Ten  Mile  Valley  into  what  is  now  the  basin  of  the  Croton  River. 
The  vicinity  of  Webatuck  is  the  same  critical  point  for  the  Housatonic 
River  that  we  have  for  the  Connecticut  at  Middletown,  where  it  leaves 
the  broad  valley  of  soft  Triassic  sandstone  and  shale  and  pursues  a 
southeastward  course  to  the  Sound  across  the  much  harder  granitic 
rocks. 

This  means  that  during  the  Cretaceous  period  the  entire  region 
was  worn   down   to   an   approximate   base-level   or   peneplain   repre- 


*  This  paper,  like  the  preceding,  has  been  prepared  at  the  request  and  with  the  cooper- 
ation of  Mr.  John  R.  Freeman,  in  connection  with  his  investigation  of  the  water  supplies  of 
Greater  New  York,  and  is  published  by  his  permission. 
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sented  roughly  by  the  crests  of  the  existing  ridges  and  heights  of 
land ;  and  this  peneplain  was  covered  at  least  as  far  north  as  Middle- 
town  and  Webatuck  by  Cretaceous  strata,  forming  a  plain  which 
sloped  gently  seaward  —  south-southeast.  Across  this  plain,  as  it 
was  slowly  elevated  above  the  sea,  the  rivers  meandered  seaward,, 
uninfluenced  by  the  structure  of  the  hard  rocks  beneath.  In  a  com- 
paratively short  time,  geologically  speaking,  this  cover  of  soft  Creta- 
ceous sediments  was  worn  away,  and  the  rivers  were  let  down  upon, 
the  hard  surface  of  the  peneplain ;  and,  although  finding  themselves 
out  of  sympathy  with  the  geological  structure  at  most  points,  they 
have  been  obliged  to  hold  to  these  courses  ever  since.  We  are  thus 
able  to  account  for  the  fact  that  the  Housatonic  River  ^urns  abruptly 
from  the  belt  of  limestone,  in  which  its  valley  is  excavated  for  many 
miles  to  the  northward,  and  cuts  obliquely  through  a  massive  ridge 
of  granitic  and  gneissic  rocks,  the  valley  narrowing  to  a  gorge  as  it 
enters  the  harder  formation. 

According  to  this  view,  the  Croton  watershed  is  only  the  lower 
part  of  a  drainage  system  which  once  extended  northward  into  Colum- 
bia County  and  into  Berkshire  County,  Massachusetts.  That  the  Cro- 
ton Valley  has  been  beheaded  at  Pawling,  the  present  water  parting 
of  the  Croton  and  Ten  Mile  drainage  systems,  is  very  obvious.  We 
find  here  a  broad,  level,  north-south  valley  which  is  out  of  all  pro- 
portion to  the  insignificant  streams  which  now  flow  sluggishly 
through  it  and  pose  as  its  architects  ;  and  the  divide,  which  is  alsa 
the  site  of  Pawling  Village,  is  almost  imperceptible. 

The  relative  narrowness  of  the  valley  of  the  Housatonic  River 
above  its  junction  with  the  much  smaller  Ten  Mile  River,  and  the  fact 
that  in  the  town  of  Cornwall  it  crosses  an  important  area  of  granite,, 
suggest  that  it  may  have  once  pursued  the  more  direct  course  offered 
by  the  broad  band  of  limestone,  which  leaves  the  present  valley  of  the 
Housatonic  in  the  vicinity  of  Falls  Village  in  Canaan,  Connecticut, 
and  extends  southwesterly  via  Lime  Rock  and  Sharon  to  the  Ten. 
Mile  as  the  floor  of  a  broad,  continuous  valley,  in  which  we  now  find 
no  commensurate  stream. 

One  of  the  most  striking  and  significant  features  of  these  valleys,, 
and  especially  of  the  broad,  lower  valley  of  the  Ten  Mile,  is  the  fact 
that  the  immediate  valley  of  the  river  is,  at  most  points,  a  compara- 
tively narrow  and  steep-walled  gorge  cut  to  a  depth  of  a  hundred  feet 
or  more  in  the  broad  and  approximately  level,   or  only  moderately 


122  W,  O.  Crosby, 

undulating,  floor  of  limestone  from  a  mile  to  two  miles  wide  between 
the  main  valley  walls  of  schist  and  granite.  This  broad  limestone 
terrace,  which  is  developed  chiefly  between  the  contours  of  4CX)  and 
500  feet  and  is  most  noticeable  when  viewed  from  its  level,  clearly 
represents  a  partial  development  in  this  latitude  of  the  Tertiary 
peneplain.  In  Tertiary  times  the  rivers  wore  down  these  limestone 
bands  to  an  approximate  base-level ;  and  the  gorge,  or  modern  channel, 
clearly  records  the  renewal  of  the  erosive  power  of  the  rivers  due 
to  the  strong  elevation  of  the  land  at  the  beginning  of  the  great  ice 
age.  These  inner  valleys  or  gorges  are  a  normal  phase  of  all  the 
larger  valleys  of  the  glaciated  zone ;  but  in  many  districts,  and  almost 
universally  near  the  coast,  they  are  filled  with  glacial  drift  and  thus 
•obliterated  as  topographic  features. 

The  fact  that  the  gorges  of  the  Housatonic  and  Ten  Mile  Rivers 
are  but  slightly  encumbered  by  drift,  the  solid  bed-rock  forming  the 
immediate  bottom  of  the  channel  at  many  points,  is  of  very  obvious 
importance  in  its  bearing  upon  the  construction  of  the  proposed 
dams  in  these  valleys. 

Another  fact  of  particular  importance  and  interest  in  the  history 
of  the  Ten  Mile  River,  and  especially  in  its  bearing  upon  the  geologi- 
cal conditions  at  the  site  of  the  proposed  dam,  is  the  distinctly  retro- 
.grade  course  of  the  south  branch  of  the  Ten  Mile  (Swamp  River)  for 
5  miles  in  an  air  line  from  near  Wing  (South  Dover  Station)  to  its 
confluence  with  the  north  branch  or  main  river  a  mile  and  a  half 
south  of  Dover  Plains.  At  Wing,  Swamp  River  is  only  a  short  mile 
from  the  Ten  Mile  at  South  Dover  (see  map),  and  yet  its  waters  flow 
5  miles  north  and  then  5  miles  south  to  reach  that  point.  This 
extremely  retrograde  and  roundabout  character  of  the  valley  is  a  plain 
indication  that  the  drainage  has  been  diverted  from  its  normal  direct 
course  by  a  drift  barrier  between  Wing  and  Webatuck.  To  deter- 
mine with  certainty  the  precise  course  of  this  ancient,  drift-filled 
channel  through  the  dividing  ridge  would  require  a  series  of  borings. 
A  careful  examination  of  the  ground  makes  it  probable,  however, 
that  the  buried  channel  either  follows  the  general  course  of  the  road 
between  Wing  and  South  Dover,  keeping  a  little  to  the  west  of  the 
Toad,  or,  taking  a  more  direct  course  from  Wing  to  Webatuck,  it  fol- 
lows quite  closely  the  base  of  the  steep  southeastern  slope  of  the 
valley,  cutting  the  dividing  ridge  at  the  saddle  or  depression  near  its 
.southeastern  end. 
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The  Ten  Mile  River  is,  in  this  vicinity,  fully  sixty  feet  below 
the  level  of  Swamp  River ;  but  it  is  quite  unnecessary  to  suppose  that 
the  buried  channel  is  a  deep  gorge,  dividing  the  ridge  approximately 
to  the  level  of  the  Ten  Mile.  A  more  probable  view  is  that  the 
Swamp  Valley  holds  the  relation  of  a  hanging  valley  to  the  Ten 
Mile  Valley,  this  small,  northward-flowing  tributary  having,  for  obvi- 
ous reasons,  failed  to  keep  pace  with  the  main  stream  in  deepening  its- 
valley  during  the  preglacial  elevation  of  this  region,  when  the  ancient, 
base-leveled  valley  floors  were  trenched.  This  unequal  or  differential 
erosion  of  the  valley  floors  involved,  of  course,  the  development  of  a 
waterfall,  or  rapids,  of  gradually  increasing  height,  at  the  mouth  of 
Swamp  River. 

The  small  volume  of  this  short  stream,  and  the  fact  that  it  has 
been  from  the  beginning  of  its  history  an  example  of  reversed  drain- 
age in  a  broad,  flat -bottomed  valley,  warrants  the  conclusion  that  the 
floor  of  the  valley  has  always  been,  as  now,  more  or  less  of  a  swampy 
character,  and  that  it  has,  consequently,  been  deepened  more  through 
the  quiet  solution  of  the  limestone  by  swamp  waters  than  through  the 
active  corrasion  of  its  bed  by  the  stream  itself.  We  are  thus  able  to 
explain  the  broad  and  shallow  character  of  the  part  of  this  valley 
attributable  to  Swamp  River. 

When,  during  the  melting  of  the  great  ice-sheet,  its  southern 
margin  receded  north  of  the  divide  at  Pawling,  the  upper  valley  of 
Swamp  River  was  occupied  by  a  shallow  glacial  lake  to  which  super- 
glacial  and  subglacial  streams  were  tributary,  and  with  its  outlet 
southward  at  Pawling  into  the  upper  valley  of  Croton  River.  As  the 
ice-margin  continued  to  recede  northward  the  glacial  lake  increased 
in  area  and  depth;  and  the  glacial  streams  deposited  in  it  large 
amounts  of  sand  and  gravel,  to  a  considerable  extent  in  the  form  of 
gently  sloping  delta-plains.  It  is  probable  that  the  ice  lingered 
in  the  deeper  Housatonic  Valley  until  it  had  disappeared  from  the 
main  part  at  least  of  the  Ten  Mile  Valley.  Thus  was  anticipated  the 
proposed  reservoir  in  this  valley  ;  the  drainage  was  once  more  tribu- 
tary to  the  Croton  basin  and  the  Hudson  ;  and  the  fact  that  the  drift 
of  the  Ten  Mile  Valley  below  the  level  of  the  pass  at  Pawling  is 
modified  (washed  and  stratified)  is  readily  explained.  Above  this 
level  the  drift  is  mainly  unmodified,  bowlder  clay  taking  the  place  of 
sand  and  gravel.  The  modified  drift  which  now  encumbers  and  diver- 
sifies the  bed  of  this  temporary  lake  has  a  high  degree  of  porosity  and 
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would  thus  add  materially  to  the  capacity  of  a  reservoir  flooding  this 
area.  The  deposits  of  modified  drift  in  the  Housatonic  Valley  appear 
to  be  less  extensive,  and  may,  perhaps,  be  attributed  to  marginal 
glacial  streams,  the  conditions  having  been  less  favorable  for  the 
damming  of  the  valley  by  an  ice-barrier. 


Site  of  the   Proposed   Dam  in  the   Housatonic  Valley. 

The  site  of  the  proposed  dam  in  the  Housatonic  Valley  is  about 
one  mile  south  of  the  village  of  Merwinsville,  at  the  point  where  the 
river  finally  leaves  the  belt  of  limestone  and,  turning  more  to  the 
southeast,  enters  a  gorge  in  the  hard  crystalline  rocks. 

The  rock  —  a  hard  biotite  (black  mica)  granite,  largely  of  gneis- 
sold  aspect  —  outcrops  in  massive  ledges  at  or  near  the  water's  edge 
on  either  side  of  the  river,  and  rises  boldly  to  elevations  of  500  to  600 
feet  above  the  river.  On  the  southwestern  slope,  naturally,  some 
glacial  drift  has  lodged,  and  a  talus  of  large  angular  blocks  of  granite 
and  gneiss  testifies  to  the  steepness  of  the  slope.  It  is  very  evident, 
however,  that  the  hard  and  massive  bed-rock  comes  to  or  very  near 
the  surface  to  at  least  as  great  a  height  as  the  top  of  the  proposed 
dam.  On  the  northeast  side  the  drift  is  thin,  and  the  outcrops  of  the 
granitoid  rock  are  bold  and  massive,  affording  an  ideal  foundation  for 
the  proposed  dam.  We  may  be  very  confident  that,  on  both  sides  of 
the  river,  the  bed-rock  is  more  solid  and  unbroken  where  it  is  covered 
by  drift  than  where  it  is  exposed,  owing  to  the  protection  afforded  by 
the  drift,  especially  against  the  action  of  frost.  The  narrow  bench  or 
terrace  on  the  northeast  side  of  the  valley,  at  an  elevation  of  about 
100  feet,  appears  to  mark  the  upper  limit  of  the  modified  drift  (washed 
gravel) ;  and  there  can  be  no  doubt  that  below  this  level,  especially, 
the  bed-rock  surface  is  water-worn,  smooth  and  hard  to  the  very 
bottom  of  the  valley. 

I  see  no  reason  whatever  to  doubt  that  the  massive  granite  and 
gneiss,  which  are  of  essentially  the  safee  character  on  the  opposite 
sides  of  the  river,  are  continuous  under  the  river,  which  has  simply 
cut  a  notch  in  a  previously  continuous  ridge  of  these  resistant  rocks ; 
but  the  depth  of  the  bed-rock  surface  under  the  river  must  be,  in  the 
absence  of  borings,  largely  a  matter  of  conjecture.  The  narrowness 
of  the  valley  at  this  point  suggests  that  the  depth  is  probably  not 
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great ;  and  the  comparative  abruptness  with  which  the  bed-rock  rises 
from  the  water,  especially  on  the  southwest  side,  indicates  that  the 
gorge  which  trenches  the  bottom  of  every  important  valley  in  this 
latitude,  and  dating  from  the  strong  uplift  of  the  land  at  the  be- 
ginning of  the  glacial  period,  is  here  only  partially  filled  with  drift,  and 
not  wholly  buried.  The  gorge  is  likely  to  be  rather  flat-bottomed 
(U-shaped),  but  deepest  on  the  southwest  or  concave  side,  the  maxi- 
mum depth,  to  hazard  a  guess,  being  possibly  twenty  feet  below  the 
level  of  the  river,  but  probably  less  than  that.  The  shallowness  of 
the  gorge  finds  corroboration  in  the  ledges  of  limestone  crossing 
the  river  half  a  mile  or  so  above  the  dam  site,  and  at  several  other 
points  before  we  reach  Bulls  Bridge,  three  miles  above  the  site  of  the 
dam,  where  the  river  falls  over  massive  ledges  of  limestone  in  a  gorge 
averaging  not  more  than  thirty  feet  in  depth,  on  either  side  of  which 
the  limestone  is  well  exposed  across  the  broad  floor  of  the  valley  be- 
tween the  bounding  ridges  of  granite. 

Near  the  top  of  the  ridge,  on  each  side  of  the  river  at  the  dam 
site,  but  especially  on  the  northeast  side,  the  conditions  appear  to  be 
very  favorable  for  opening  a  quarry,  from  which  could  be  obtained  in 
abundance  large  and  shapely  blocks  of  granite  suitable  for  use  in 
building  a  large  part  at  least  of  the  dam. 

Site  of  the   Proposed   Dam   in   the  Ten   Mile  Valley. 

The  proposed  site  for  the  dam  in  this  valley  is  about  half  a  mile 
above  the  village  of  Webatuck,  where  the  valley  is  quite  narrow  and 
wholly  in  limestone,  which  forms  a  nearly  precipitous  bluff  near  the 
north  bank  of  the  river,  and  a  more  gradual  slope  on  the  south  side. 
There  is  but  little  drift  at  this  point,  and  the  solid  limestone  ledge 
comes,  practically,  to  or  very  near  the  surface  all  the  way  from  the  top 
of  the  hill  on  either  side  down  to  the  narrow  flood  plain  of  the  river. 
The  surface  appearances  are  favorable  to  the  view  that  the  preglacial 
gorge  is  only  partly  buried,  being  represented  by  the  existing  surface 
contours ;  and  the  bluff  indicates  that  the  axis  of  the  gorge  is  toward 
the  north  side  of  the  valley,  where  the  depth  may  be  ten,  or  possibly 
twenty,  feet  below  the  present  bed  of  the  river.  The  probable  shallow- 
ness of  the  gorge  is  confirmed  by  the  ledge  on  which  the  dam  at 
Webatuck  is  built,  and  the  ledges  to  be  seen  in  the  bed  of  the  river 
below  the  dam  at  South  Dover. 
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The  buried  or  drift-filled  gorge  of  Swamp  River,  previously  re- 
ferred to,  may  lie  to  the  south  of  this  dam  site  ;  and,  if  so,  it  could  be 
readily  located  and  profiled  by  borings.  It  is  a  safe  assumption,  how- 
ever, that  it  is  filled  with  impervious  bowlder  clay,  which  must  have  a 
horizontal  thickness  or  breadth,  at  the  very  least,  of  one-fourth  of  a 
mile ;  and  it  may,  therefore,  be  regarded  with  as  little  apprehension  as 
if  it  were  solid  ledge. 
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TESTS    OF  FIRE   RETARDENT  MATERIALS. 

By  CHARLES  L.  NORTON. 

The  experiments  and  tests  described  in  this  article  were  carried 
out  with  a  view  to  determining  the  efficiency  of  several  means  of 
protecting  wooden  surfaces  from  fire. 

A  test  was  made  on  October  5,  1899,  ^7  lining  a  small  wooden 
building  with  the  several  kinds  of  insulation,  and  building  a  fire  of 
wood  and  oil  inside.  Observations  of  the  progress  of  the  fire  and 
of  the  state  of  the  wooden  backing  after  the  fire  were  used  as  a  basis 
for  judgment  of  the  value  of  the  protection  afforded  by  the  retardent 
materials. 

A  second  test  was  made  in  a  similar  manner  on  February  3,  1900,. 
since,  owing  to  the  failure  of  the  weaker  materials,  the  first  test  was 
left  in  an  incomplete  state. 

Tests  were  also  made  upon  a  large  number  of  small  samples  in 
the  laboratory,  but  their  value  is  not  at  all  commensurate  with  that 
of  the  test  on  the  small  buildings. 

Side  Panels. 

A  Not  in  test. 

B  Wood  Lath  and  Plaster. 

C  Expanded  Metal,  furred  with  wood  |^",  plastered. 

D  Sackett  Wall  Board  |"  thick,  furred  |",  plastered. 

E  Sackett  Wall  Board  |"  thick,  not  furred,  plastered* 

F  Air  Cell  J"  thick,  |"  furring,  plastered. 

G  Air  Cell  |"  thick,  not  furred,  plastered, 

H  Door  and  Frame. 

Ceiling  Panels. 

J  Not  in  test. 

K  Wood  Lath  and  Plaster. 

L  Expanded  Metal  Lath  and  Plaster, 

M  Duplicate  of  L. 

-A^and  O  Sackett  Wall  Board  J"  and  J"  thick,  plastered. 

P  Asbestos  Air  Cell  f "  thick. 

Q  Not  in  test. 
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The  walls  of  the  building  were  composed  of  eight  panels  3'  6" 
wide  by  f  high,  made  of  y  spruce  sheathing  on  frames  of  2"  x  3'' 
spruce.  These  panels,  when  protected  by  their  various  retardent 
materials,  were  bolted  together  in  pairs,  making  the  four  sides  of  the 
house,  each  f  x  7'.  These  four  sides  were  bolted  to  the  sills  and  to 
each  other  at  the  corners.  All  the  joints  were  covered  by  a  strip 
of  Asbestos  Air  Cell  2"  thick,  in  order  that  the  fire  might  not  creep 
into  one  panel  from  another  of  less  resistance.  The  plate  was  bolted 
on  outside  the  panel  frames  to  render  weakness  from  burning  less 
likely.  Panel  H  was  protected  by  Asbestos  Air  Cell  2"  thick  and 
bad  an  opening  2'  x  6',  outside  of  which  was  held  firmly  in  position 
a  tinned  wooden  door. 

Since  the  floor  of  the  house  was  intact  after  the  test,  none  of  the 
retardent  materials  being  called  into  action  by  the  burning  of  the 
upper  layer  of  the  floor  board,  no  attention  wll  be  given  it  other  than 
to  state  that  there  was  in  the  center  a  hole  2'  6"  square,  to  admit 
air  for  the  combustion.  Over  this  hole  there  was  a  fine  grate  to 
prevent  sparks  from  dropping  through  and  setting  fire  to  the  floor 
from  below. 

The  roof  was  made  of  eight  panels  2'  x  2'  6",  each  being  of  y 
spruce  sheathing  framed  with  2"  x  3"  spruce  timber.  These  panels 
were  held  up  against  the  roof  frame  of  2"  x  4"  spruce  by  lag  bolts 
from  above,  so  that  they  might  neither  drop  nor  loosen  until  they 
were  burned  through.  Each  joint  was  filled  with  a  2"  strip  of  Asbestos 
Air  Cell,  to  prevent  spread  of  the  fire  from  one  panel  to  another. 

The  chimney  was  made  of  spruce  sheathing,  and  was  lined  with 
3"  of  Asbestos  Air  Cell.  It  was  2'  high  and  22"  square  inside,  when 
lined. 

All  the  side  panels  were  plastered  and  given  a  white  "putty" 
finish,  as  were  also  the  ceiling  panels,  with  the  exception  of  Panel  J, 

All  joints,  seams,  and  corners  were  protected,  after  the  house  was 
finally  bolted  together,  by  strips  of  Asbestos  Air  Cell  laid  in  Asbestos 
Retort  Cement. 

Description  of  Materials  and  Method  of  Applying. 

Panel  A,  This  panel  was  protected  with  a  fire  retardent  which 
proved  to  be  defective.  Since  the  manner  of  the  application  of  this 
material  is  of  the  greatest  importance,  and  since  the  proprietors  of 


130  Charles  L.  Norton, 

the  material  claim  that  a  very  faulty  method  of  application  was  used 
by  their  agent  in  applying  it,  and  since  the  publication  of  its  failure 
might  cause  a  misconception  of  the  real  value  of  this  material  when 
properly  used,  this  panel  A  and  its  duplicate  in  the  ceiling  will  not  be 
considered  as  being  in  the  test. 

Panel  B  was  coated  with  ordinary  wood  lath  furred  off  ^"  from 
the  sheathing  and  given  a  good  coat  of  plaster,  and  like  the  rest  of 
the  house,  it  had  a  finishing  coat. 

Panel  C  was  coated  with  Expanded  Metal  Lath  from  the  Eastern 
Expanded  Metal  Company,  of  Boston.  The  metal  lath  was  furred 
off  y*  from  the  sheathing,  on  wooden  furring,  and  was  intended  to 
give  a  test  of  the  relative  value  of  the  wood  and  metal  lath. 

Panel  D  was  coated  with  the  Sackett  Wall  Board  of  the  Sackett 
Wall  Board  Company,  of  New  York.  This  is  a  composite  board  of 
alternate  thin  sheets  of  plaster  and  felt  paper  built  up  to  the  thick- 
ness of  ^".  It  was  nailed  upon  ^"  wood  furring  with  broad-headed 
nails.  Three  layers,  with  joints  broken,  were  nailed  on,  giving  a 
thickness  of  |",  the  finish  of  plaster  bringing  up  the  thickness  to 
I  inch. 

Panel  E  was  identical  with  Z>,  except  that  no  furring  was  used, 
the  Sackett  board  being  nailed  directly  to  the  sheathing. 

Panel  F  was  coated  with  Asbestos  Air  Cell  Fire  Board  of  the 
New  York  Asbestos  Manufacturing  Company,  of  Brooklyn.  This 
consists  of  several  layers  of  corrugated  asbestos  paper  stuck  together 
with  silicate  of  soda.  It  was  nailed  with  broad-headed  nails  directly 
upon  the  |"  furring  strips  and  coated  with  J"  of  plaster,  bringing  the 
whole  thickness,  from  the  furring  out,  up  to  i  inch.  As  these  sheets 
were  each  of  full  thickness,  there  was  no  chance  to  break  joints. 

Panel  G  was  identical  with  panel  F^  except  that  no  furring  was 
used. 

Panel  H  contained  the  door,  which  was  of  two  thicknesses  |" 
spruce  sheathing  crossed,  nailed  and  clinched,  and  coated  with  tin, 
lapped  and  nailed  in  the  usual  manner.  No  attempt  .was  made  to 
test  the  fittings  or  frames  of  the  door,  but  simply  its  permanence 
when  held  firmly  in  place  at  the  edges. 

Panel  J  was  not  in  the  test. 

Panel  K  was  similar  to  panel  B, 

Panels  L  and  M  were  similar  to  panel  C. 

Panel  N  was  similar  to  panel  E. 
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Panel  O  was  similar  to  panel  Ey  except  that  it  was  J"  thick. 
Panel  P  was  similar  to  panel  G. 
Panel  Q  was  not  in  the  test. 

Procedure. 

The  small  building  having  been  constructed  in  the  Heat  Measure- 
ments Laboratory  at  the  Massachusetts  Institute  of  Technology,  it 
was  taken  apart,  carried  in  a  wagon  to  Medford,  and  set  up  on  the 
afternoon  of  October  4,  1899.  There  was  no  damage  to  the  plaster 
nor  any  straining  of  the  frame  apparent  as  a  result  of  this  journey, 
and  we  avoided  the  inconveniences  and  risk  attendant  upon  the  con- 
struction of  the  test  building  in  the  field  where  it  was  to  be  tested. 
Having  been  bolted  together  with  joints  covered  and  cemented,  the 
house  was  allowed  to  stand  overnight.  The  temperature  being  above 
70°  F.  assured  its  dryness.  The  plaster  had  been  put  on  some  ten 
days  previous,  and  was  apparently  hard  and  dry. 

On  the  afternoon  of  October  5,  about  ^  of  a  cord  of  hard  wood 
in  4-foot  lengths,  together  with  some  kindlings,  shavings  and  oil,  was 
put  upon  the  floor,  and  after  igniting,  the  door  was  tightly  closed  and 
clamped  in  place  from  the  outside. 

Observations  During  Test. 

After  I  minute  smoke  was  coming  from  chimney  top,  and  after 
6  minutes  and  until  the  end  of  the  test,  both  flame  and  smoke  were 
coming  from  the  chimney  in  great  volume. 

After  6  minutes  smoke  was  coming  from  door  near  the  top,  and 
immediately  considerable  sap  and  steam  came  out  through  joints  of 
door. 

After  7  minutes  smoke  and  steam  were  apparent  on  roof  near 
door  top. 

At  8  minutes  there  was  considerable  smoke  at  many  points  on  the 
roof. 

At  II  minutes  there  was  warping  of  the  door  with  smoke  and  gas 
flame  at  many  joints  and  at  the  top. 

At  20  minutes  there  was  much  smoke  at  top  of  panel  B^  of  wood 
lath  and  plaster,  and  at  panels  J  and  K  on  the  roof. 

At  25  minutes  panel  y,  not  in  test,  was  allowing  both  fire  and 
smoke  to  come  through  it,  and  panel  AT,  of  wood  lath,  and  panel  Q 
were  smoking  badly. 
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At  26  minutes  panels  Z,  M  and  G  were  noticeably  hot.  Panels 
D  and  E  were  cold  on  the  outside. 

At  3 1  minutes  the  fire  through  panels  J  and  K  was  so  consider- 
able in  volume  as  to  set  fire  to  the  chimney  on  the  outside  and  the 
door  was  forced  open,  and  a  2"  stream  of  water  was  applied,  extin- 
guishing the  fire. 

So  little  was  shown  by  the  observations  during  the  test,  that  the 
writer  does  not  consider  them  of  very  great  value. 


Examination  after  the  Test. 

After  putting  out  the  fire,  the  door  was  removed  and  examined. 
It  was  charred  entirely  through  for  about  J"  of  its  area,  and  was 
much  warped  and  twisted,  being  so  weakened  that  it  could  not  be 
made  to  stand  upright. 

Panel  J  (not  in  the  test),  immediately  over  the  door,  had  only  its 
frame  and  a  few  charred  fragments  of  sheathing  clinging  to  it. 

Panel  AT,  of  wood  lath,  was  badly  charred  —  plaster  and  lath  hav- 
ing disappeared  —  but  was  burned  through  in  only  one  place  about 
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Panels  L  and  My  of  Expanded  Metal,  still  held  three-fourths  of 
their  plaster,  and  their  wooden  backing  was  discolored  and  smoked, 
but  not  charred  except  in  one  place  3"  square.  The  furring  was  about 
one-half  burned  away. 

Panel  N,  of  Sackett  Wall  Board  was  not  discolored,  and  not  charred 
in  the  least.     Three-quarters  of  the  plaster  board  still  remained  on  it. 

Panel  (9,  of  one  thickness  of  Sackett  Board,  was  charred  nearly 
through  the  boarding  in  several  spots. 

Panel  P,  of  Asbestos  Air  Cell,  was  discolored  but  not  charred, 
the  Asbestos  Air  Cell  being  in  place. 

Panel  Q  was  not  in  the  test. 

Panel  A  was  not  in  the  test. 

Panel  B,  of  wood  lath  and  plaster,  was  badly  damaged,  the  laths 
being  entirely  gone,  the  furring  nearly  gone,  and  the  boarding  charred 
to  a  depth  of  |"  in  several  places. 

Panel  C,  of  Expanded  Metal,  still  held  about  three-fourths  of  its 
plaster,  and  the  boarding  was  intact,  the  furring  being  charred  about 
i"  deep. 
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Panels  D  and  E,  of  Sackett  Wall  Board,  were  entirely  uninjured 
as  to  their  wooden  backing,  the  plaster  and  outer  ^"  of  Sackett  Board 
having  been  the  portion  damaged. 

Panels  F  and  G  were  intact,  except  that  on  F  where  the  Fire 
Board  was  jointed,  the  boarding  was  charred  in  a  narrow  line  about 
1^"  deep. 

Floor  was  untouched  except  by  a  slight  charring  on  upper  surface. 

Summary. 

Door  ruined,  wooden  lath  and  plaster  destroyed,  Expanded  Metal, 
Sackett  Board,  and  Asbestos  Air  Cell  not  yet  injured.  Indication 
that  the  furring  of  the  Expanded  Metal  and  the  joints  in  Asbestos 
Air*  Cell  would  soon  cause  the  destruction  of  those  panels. 

Second  Test. 

It  was  at  once  determined  to  repeat  the  test,  leaving  out  the 
wooden  lath  and  adding  some  other  panels.  Accordingly,  on  Feb- 
ruary 3,  1900,  a  second  building  was  burned  with  a  view  to  a  more 
prolonged  test  of  the  more  resisting  materials.  This  house  was 
similar  to  the  earlier  one,  but  had  a  floor  of  boards  covered  with 
3  inches  of  sand,  this  not  being  in  the  test. 


Panels. 


1  and  6 

2  and  7 

3  and  10 

4  and  8 

5  and  II 

9 


Asbestos  Air  Cell  |"  thick,  no  furring,  plastered  J". 
Sackett  Wall  Board  |"  thick,  no  furring,  plastered  ^". 
Clinton  Wire  Lath,  |"  wood  turning,  plaster. 
3"  Hard  Pine  Plank,  no  plaster. 
Expanded  Metal  Lath,  plaster,  steel  furring. 
3"  Hard  Pine  Planks  with  Expanded  Metal  and  plas- 
ter, no  furring. 
12  and  13.     Panel  containing  door  and  windows. 


All  joints  were  covered  with  2"  Asbestos  Board  before  the  house 
was  plastered.  Openings  were  left  on  two  sides  and  in  the  backing 
of  each  panel  for  the  introduction  of  a  pyrometer  and  for  observations 
of  the  condition  of  the  fire.  The  front  of  the  house  contained  a 
Standard  tinned  wood  door  of  the  Victor  Manufacturing  Company,  of 
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Newburyport,  6'  4"  x  2'  8"  x  2^",  with  Standard  latch,  hinges,  and 
striker  of  their  make.  This  door  closed  from  within,  flush  with  a 
4-inch  lap,  being  very  tight.  There  was  also  a  Mississippi  wire  glass 
window,  I2"'x  12",  in  a  steel  frame,  and  a  small  door  devised  by  Mr. 
Edward  Atkinson.  This  door  was  composed  of  two  thicknesses  of 
J"  spruce  sheathing,  crossed  and  nailed,  clinched,  covered  with  ^'^ 
Sackett  Wall  Board  and  then  tinned  in  the  usual  manner. 

The  second  house  was  filled  with  wood  and  shavings,  like  the  firsts 
and  lighted  at  11.39  A-^*  February  3,  1900.  The  house  was  immedi- 
ately seen  to  be  well  filled  with  flame  for  about  half  its  height.  Obser- 
vations were  taken  as  follows : 

Fire  lighted. 

Wire  glass  window  cracked. 

Temperature  of  fire,  4CX)°  C.  (750**  F). 

Temperature  of  fire,  450®  C.  (840®  F.). 

Temperature  of  fire,  550°  C.  (1,020**  F.).     Smoke  escapes 
door. 

Much  smoke  over  door. 

Entire  roof  and  top  of  sides  steaming. 

Explosions  inside.     Smoke  through  door  in  five  places. 

Temperature  of  fire,  650°  C.  (1,200**  F.). 

Wire  glass  much  cracked,  but  not  letting  smoke  through* 

Temperature  of  fire,  790°  C.  (1,450**  F.). 

Temperature  of  fire,  850*"  C.  (1,560**  F.). 

Temperature  back  of  Clinton,  250**  C.  (480**  F.);  Expanded 
Metal,  290**  C.  (550**  F.);  Sackett  and  Air  Cell,  100**  C.  (212**  F.) ; 
Hard  Pine,  below  0°  C.   (32**  F.) ;  ice  on  Hard  Pine. 

12.05.  Temperature  of  fire,  920**  C.  (1,690**  F.).  Both  metal  laths 
slacking  away  from  backing.  Large  door  burning  briskly  at  latch  and 
at  four  places  in  center  at  joints. 

12.10.  Ice  on  back  of  hard  pine.  Wire  glass  red  hot;  ignites 
splinter  held  against  it.  Wire  glass  much  cracked.  Temperature  of 
fire,  950**  C  (1,740**  F.). 

12.15.  Roof  appears  intact,  as  seen  from  above;  steams  consid- 
erably. Temperature  back  of  Clinton,  250**  C.  (480**  F.) ;  Expanded 
Metal,  300**  C.  (570^  F.). 

12.16.  Ice  on  hard  pine. 

12.17.  Temperature  of  fire,  965**  C.  (1,770"*  F.). 
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.42. 

II 
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II 
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.47. 

at  top 
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.51. 
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.53. 
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.56. 
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.57. 
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12.18.  Temperature  of  fire,  1,000°  C.  (1,830**  F.) ;  smoke  back 
of  both  metal  laths  ;  back  of  both  is  red  hot,  plaster  still  firm,  looks, 
crackled  on  front,  shows  no  change  in  the  back. 

12.19.  Temperature  of  fire,  1,260°  C.  (2,300°  F.).  Wire  glass 
bulged  out  nearly  one  inch ;  much  smoke  back  of  both  metal  laths ; 
Sackett  Board  and  Asbestos  Air  Cell  steaming  at  the  back. 

12.20.  Chimney  afire  at  top;  wire  glass  bulged  and  sagged;  bad 
cracks  in  face  of  plaster  on  Clinton  and  Expanded  Metal,  as  seea 
from  the  fire  side.     Temperature  of  fire,  950°  C.  (1,740°  F.). 

12.26.  Smoke  back  of  Sackett. 

12.27.  Smoke  back  of  Air  Cell. 

12.30.  Boarding  back  of  Clinton  and  Expanded  Metal  afire  for 
the  whole  height ;  in  danger  of  falling. 

12.32.     Spray  nozzle  turned  in  and  fire  extinguished. 

Observations  after  the  Fire. 

Panels  i  and  6,  of  Asbestos  Air  Cell,  were  charred  to  a  depth  of 
1^"  to  ^''  over  entire  surface.  The  Asbestos  Air  Cell  being  still  in 
place  and  in  fair  condition. 

Panels  2  and  7,  of  Sackett  Wall  Board,  were  charred  from  y  to- 
1^" ;  the  ceiling  (Panel  2)  being  nearly  burned  through  in  one  spot  \. 
average  charring,  about  ^". 

Panels  3  and  10,  of  Clinton  Wire  Lath,  and  Panels  5  and  11,  of 
Expanded  Metal,  were  all  in  about  the  same  condition.  Practically^ 
all  the  plaster  adhered  until  the  water  was  thrown  on  it,  when  about 
\  of  the  plaster  on  the  Clinton  Lath,  and  |  of  that  on  the  Expanded 
Metal  fell.  The  boarding  back  of  the  Clinton  was  charred  |",  and 
even  y  in  one  place,  while  the  boarding  back  of  the  Expanded  Metal 
was  charred  from  ^"  to  |".  The  wooden  furring  back  of  the  Clinton 
Lath  was  more  than  half  gone.  The  two  ceiling  panels  were  in  iden- 
tically the  same  condition,  being  charred  about   |"  to  |". 

Panels  4  and  8,  of  unprotected  hard  pine,  were  charred  to  a  depth 
of  if,  allowing  the  splines  to  drop  out,  but  were  very  far  from  allow- 
ing the  fire  to  get  through  them. 

Panel  9,  of  hard  pine,  with  Expanded  Metal  stapled  directly  on  to- 
it  and  then  plastered,  was  in  much  the  best  condition  of  any  of  the 
panels,  being  charred  only  about  y  to  |"  into  the  pine,  with  the 
plaster  all  remaining  in  place. 


«36  Charles  L.  Norton, 

The  Victor  door  was  found  to  be  vigorously  burning,  with  the  tin 
•on  the  inside  warped  and  bulged,  and  open  at  several  joints.  Of  the 
three  thicknesses,  the  inner  one  was  charred  completely  ;  the  middle 
one  was  more  than  half  charred  ;  and  the  outer  one,  except  in  small 
spots  and  around  the  edges,  was  uninjured.  The  door  did  not  warp 
or  twist,  and  was  still  a  good  fire  stop  at  the  close  of  the  test. 

The  wire  glass  window  cracked,  bulged  and  sagged,  but  stayed  in 
its  frame  and  kept  fire  and  smoke  from  coming  through  ;  nor  did  the 
water  thrown  upon  it  damage  it.  At  times  this  glass  was  about 
800°  C.  on  the  outside. 

The  Atkinson  composite  door  had  no  latch  or  hinges,  being  bolted 
into  place.  Its  condition  when  taken  down  was,  practically,  the  same 
as  that  of  the  Victor  door,  except  that  it  was  not  charred  quite  so 
deeply.  It  must  be  borne  in  mind,  too,  that  this  door  was  |"  thin- 
ner than  the  Victor,  and  that  it  had  let  no  smoke  or  fire  through  it. 
Neither  door  had  an  outside  temperature  of  icx3°  C.  at  any  time. 

Summary. 

At  end  of  the  test.  Metallic  Lath  panels  well  afire  and  nearly 
•destroyed ;  Asbestos  Air  Cell  and  Sackett  Wall  Board  panels  igniting 
in  hottest  places ;  hard  pine  panel  not  seriously  weakened,  especially 
where  shielded  by  metallic  lath  and  plaster;  neither  door  in  danger 
•of  falling;  and  wire  glass  window  in  good  condition. 

Remarks  on  Both  Tests. 

The  first  test  shows  clearly  the  comparative  value  of  a  wooden 
and  metallic  lath.  With  a  wooden  lath  panel  entirely  gone  and  a  y 
boarding  behind  it  burned  through,  the  metal  lath  had  yet  to  scorch 
the  wood  behind  it,  and  was  itself  intact. 

The  necessity  of  applying  fire  retardent  material  in  at  least  two 
thicknesses,  so  as  to  break  joints,  is  indicated  by  the  experience  of 
the  Asbestos  Air  Cell  Fire  Board. 

The  failure  of  two  ceiling  panels  in  the  corner  farthest  from  the 
5ackett  Wall  Board  probably  drew  the  fire  away  from  the  Sackett 
Board  in  the  latter  part  of  the  first  test. 

The  relative  showing  of  the  two  large  doors  shows  the  immense 
:gain  in  using  a  3-ply  door.     The  test  door  used  in  February  was  of 
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three  layers  of  board,  while  that  of  the  October  test  was  of  two  layers. 
The  3-ply  door  remained  flat  and  tight  at  the  edges,  while  the  2-ply' 
door  warped  and  twisted  as  soon  as  one  layer  had  become  heated, 
there  being  no  third  layer  with  its  grain  running  in  the  same  way  to 
stiffen  it. 

The  Atkinson  composite  door  showed  a  distinct  advantage  in  that 
it  was  much  more  gas  tight  than  the  wooden  door.  The  adx'antage  of 
a  refractory  interlining  of  the  wooden  door  is  clear,  and  had  the  two 
doors  been,  as  was  intended,  of  the  same  thickness  and  of  the  same 
number  of  layers,  there  could  be  no  question  of  the  superiority  of 
the  composite  door.  A  further  test  of  the  door  with  some  interlining: 
other  than  Sackett  Board  would  be  of  value. 

Attention  is  called  to  the  increase  in  charring  back  of  the  Ex* 
panded  Metal  when  furred  off  over  the  charring  when  nailed  closely 
to  the  planks.  It  is  clearly  indicated  that  furring  spaces  back  of  fire 
retardents  are  not  desirable.  There  appears  to  be  little  difference 
between  the  protection  afforded  by  the  Clinton  Wire  Lath  and  by 
the  Expanded  Metal  when  due  allowance  is  made  for  the  difference 
in  the  furring.  In  the  first  test,  the  Sackett  Wall  Board  made  a 
slightly  better  showing  than  the  Asbestos  Air  Cell.  In  the  second 
test,  with  more  care  as  to  joints,  the  Asbestos  Air  Cell  Fire  Board 
made  a  slightly  better  showing.  I  should  rate  the  two  boards  as  of 
about  the  same  value. 

The  fire-resisting  quality  of  3-inch  plank,  such  as  is  used  in  mill 
construction,  is  made  very  manifest  over  the  ordinary  construction 
where  i-inch  boards  or  wood  lath  and  plaster  are  used.  When  such 
thick  plank  is  protected  by  the  fire  retardent  materials,  which  in  this- 
test  resisted  a  very  hot  fire  for  nearly  one  hour,  partitions  of  this  kind 
may  be  of  great  service  in  places  where  heavy  brick  walls  cannot 
be  constructed.  In  cases  which  frequently  occur  in  mill  practice,  it 
would  seem  that  a  very  large  and  probably  complete  measure  of 
protection  would  ensue  from  putting  up  plank  separating  walls  pro- 
tected with  these  fire  retardent  materials,  and  where  light  is  needed^ 
fitted  with  wire  glass  windows. 

The  excellence  of  the  Mississippi  wire  glass  is  clearly  shown. 

Finally,  one  word  must  be  said  as  to  plaster.  Through  the  kind- 
ness of  the  Windsor  Cement  Company  and  the  New  England  Ada- 
mant Company,  I  was  able  to  plaster  the  first  building  with  the 
"King's  Windsor*'  cement,  and   the   second  with   the   "Adamant" 
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plaster.  Both  have  stood  the  test  excellently  and  leave  nothing  to  be 
desired  in  the  matter  of  fire  resistance.  Both  stuck  to  the  Sackett 
Wall  Board  and  Asbestos  Air  Cell  Fire  Board  until  the  boards  weak- 
ened, and  the  plaster  carried  away  part  of  them  with  it.  Both  stuck 
to  the  metal  lath  until  it  and  they  had  been  red  hot  for  some  minutes, 
and  yielded  only  slightly  to  the  shock  of  the  water  from  the  hose 
nozzle. 

I  desire  to  acknowledge  the  very  great  value  of  the  assistance  and 
cooperation  of  Mr.  C.  E.  Bacon,  Chief  of  the  Medford  Fire  Depart- 
ment. He  has  not  only  provided  a  suitable  place  for  tests,  and  fur- 
nished men  and  means  for  extinguishing  the  fire  at  the  proper  time, 
but  has  taken  all  responsibility  of  risk  to  other  property,  and  has  in 
many  ways  been  of  great  assistance. 

Rogers  Laboratory  of  Physics, 
Boston,  Mass^  February  j,  igoo. 
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THE  REFLECTION  OF  LIGHT  IN  THE  NEIGHBORHOOD 

OF  THE   CRITICAL   ANGLE. 

By  JOSEPH  GEORGE  COFFIN,  S.B. 

I  HAVE  recently  had  occasion  to  calculate  the  percentage  of  light 
reflected  on  passing  from  a  dense  to  a  rare  medium  at  various  angles 
of  incidence  from  0°  up  to  the  critical  angle,  and  as  the  results  are  not 
found  in  such  treatises  on  Optics  as  I  have  examined,  they  are  perhaps 
•worthy  of  preservation. 

As  usually  stated,  the  formulae  of  Fresnel  apply  directly  to  rays 
incident  in  the  rarer  medium.  Analytically  they  can  be  adapted  to 
the  case  of  incidence  in  the  denser  medium  by  taking  the  reciprocal 
of  the  index  of  refraction  instead  of  that  index.  By  an  independent 
demonstration  starting  with  Fresnel's  postulates,  I  find  this  change  to 
be  justified  physically. 

As  natural  light  may  be  considered  to  be  composed  of  two  equal 
beams  polarized  in  planes  at  right  angles  to  each  other,  the  amount  of 
natural  light  reflected  will  be  given  by  the  expression 

/  =  J(  ^a  +  ^) 

where  c?  and  ^  have  the  values  given  below,  and  /  is  the  mtensity  of 
the  reflected  beam. 

i  =  angle  of  incidence. 

n  =  index  of  refraction. 
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cos  t 


.  ^  n^  —  sin*  i  —  «* 

V»*  —  sin*  /  +  «*  cos  i 
J 


I40 


Joseph  George  Coffin. 


(B) 


a 


a  — 


^  = 


-^  I  —  n^  sin^  i  —  n  cos  i 

y  I  —  »^  sin^  i  -\-  n  cos  i  ^ 

f    I I  'I 

'Y  I  —  «^  sin^  I cos  i 


\  I  —  ft^  sin^  i  -\-  —  cos  i 


Formulae  (^4)  are  the  ordinary  ones  of  Fresnel,  while  (B)  are  those 
deduced  for  the  new  state ;  a^  and  ^  represent  the  intensities,  after 
reflection,  of  the  rays  polarized  respectively,  in  and  perpendicular  to 
the  plane  of  incidence,  the  intensity  of  the  incident  beam  being  unity 
in  both  cases. 


TABLE  I.     (ff  =  i.55). 
Rkflection  op  Light  Passing  from  a  Rare  to  a  Dense  Medium. 
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The  percentages  of  reflected  light  when  the  beam  is  incident  in 
the  rarer  medium  have  been  calculated  for  the  case  when  »=  1.55 
by  Professor  E.  C.  Pickering,  and  will  be  found  in  his  paper,  Proceed- 
ings  of  the   American   Academy   of   Arts   and   Sciences,  Vol.   IX, 

1873-74,  p.  I. 

I  have  plotted  both  Professor  Pickering's  values  and  my  own  in 

order  to  show  graphically  the  results  of  the  formulae  in  both  cases. 
Two  tables  are  given  in  this  article,  the  first  one  being  values  com- 
puted by  Professor  Pickering  and  used  in  the  plot  Figure  i,  the 
second  table  being  the  values  computed  by  myself,  and  used  in  the 
plot  Figure  2. 

TABLE  II.    («  =  i.5). 
Reflection  of  Light  Passing  from  a  Dense  to  a  Rare  Medium. 
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In  the  diagrams  the  dotted  curves  (marked  I  and  III)  refer  to  the 
two  polarized  beams  into  which  the  ray  of  ordinary  light  represented 
by  the  full  line  may  be  decomposed,  the  intensity  of  the  incident 
beam,  however,  in  all  three  curves,  being  taken  as  unity. 
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Figure  i  shows  the  variation  in  intensity  of  light  reflected  on  pass- 
ing from  a  rare  to  a  dense  medium,  for  which  «  =  1.55.  It  is  inter- 
esting to  note  how  little  the  intensity  of  the  reflected  light  increases 
with  increasing  angle  of  incidence ;  this  increase  being  barely  one  per 
cent,  for  a  change  of  45°  in  this  angle.  This  plot  also  illustrates  the 
production  of  polarized  light  by  reflection,  for  at  the  angle  of  inci- 
dence, 57.172°  in  this  case,  the  beam  polarized  perpendicularly  to  the 
plane  of  incidence  is  not  reflected  at  all,  and  therefore  all  the  light  of 
the  unpolarized  incident  beam  that  is  reflected  must  consist  wholly 
of  light  polarized  in  the  plane  of  incidence.  It  also  shows  that 
this  angle  may  be  deviated  from  by  as  many  as  seven  or  eight  degrees 
without  sensibly  altering  this  condition. 

The  angle  of  polarization  is  evidently  given  by  the  expression 


^  =  sin-i  J   /^ 
^  «2  +  I 


+ 

by  finding  the  condition  for  minimum  value  of  H^  in  formula  (A), 

Figure  2  is  a  plot  of  the  values  of  the  intensities  of  light 
reflected  in  passing  from  a  dense  to  a  rare  medium. 

It  is  noteworthy  that  the  proportion  of  reflected  light  increases 
but  very  slowly  as  the  angle  of  incidence  increases,  until  within  about 
10°  of  the  critical  value,  when  there  is  a  sudden  and  marked  increase. 
For  the  component  polarized  at  right  angles  to  the  plane  of  inci- 
dence, we  have,  as  in  the  preceding  case,  a  value  for  the  angle  of  in- 
cidence at  which  no  light  polarized  in  this  plane  is  reflected.  This 
angle,  <^'  corresponds  of  course  to  the  polarizing  angle  of  the  first 
case,  so  that  its  value  ought  to  be  given  by  the  condition 

sin  <l>  =  n  sin  <f>' 

where  <f>'  is  the  polarizing  angle  in  passing  from  dense  to  rare. 

The  value  of  <^'  in  terms  of  n  may  be  obtained  from  (B)  by  finding 
as  before  the  condition  for  the  minimum  value  of  ^.  We  obtain 
in  this  case 


<l>'  =  sin  ~^  -i/_ 


«2+  I 

By  comparison  with  the  value  deduced  for  <f>  we  see  that  the  condition 

sin  <f>  =  n  sin  <f>' 
is  satisfied. 
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Assuming  the  same  value  of  n  in  formulae  {A)  and  (B)y  it  will  be 
seen  that  for  normal  incidence  the  amounts  of  reflected  light  reduce  to 


{A) 


iP) 


/= 


\n  +  i) 


"-(H^)' 


•  • 


\n+  i) 


2 


which  indicates  that  for  this  case  the  amount  reflected  in  passing  from 
rare  to  dense  is  the  same  as  from  dense  to  rare,  a  result  not  immedi- 
ately evident. 

That  a^  should  equal  ^  in  either  set  of  formulae  for  normal  inci- 
dence is  easily  seen  to  be  true  when  we  consider  that  in  this  case 
the  vibrations  are  made  in  the  plane  of  the  reflecting  surface,  and 
hence  the  intensity  of  the  reflected  ray  must  be  independent  of  their 
direction. 

Figure  2  also  justifies  the  use  of  the  term  "  critical "  as  applied  to 
that  angle,  the  tangent  to  the  curve  near  this  point  being  nearly  per- 
pendicular to  the  axis  of  abscissae.  A  change  of  less  than  1°  in  the 
angle  of  incidence  near  this  point  increases  by  50  per  cent,  the 
amount  of  reflected  light. 
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The  knowledge  of  the  amount  of  chlorine  that  a  sample  of  water 
contains  is  of  little  value  as  an  indication  of  pollution  unless  the  nor- 
mal chlorine  for  the  region  from  which  the  sample  was  collected  is 
also  known.  By  the  "  normal  chlorine  "  is  meant  the  amount  of  chlo- 
rine uniformly  present  in  the  unpolluted  water  of  any  particular  local- 
ity. Except  in  regions  where  there  are  deposits  of  salt,  it  is  depend- 
ent chiefly  upon  the  distance  of  the  locality  from  the  sea  coast,  and 
upon  the  amount  of  exposure  to  winds  from  off  the  ocean.  This  sub- 
ject was  first  studied  by  the  Massachusetts  State  Board  of  Health. 
In  1890  there  was  published  a  normal  chlorine  map  of  Massachusetts, 
upon  which  were  drawn  isochlors,  or  lines  of  equal  chlorine,  based 
upon  the  determinations  of  chlorine  in  samples  of  water  collected  from 
all  parts  of  the  state  and  known  to  be  unpolluted.  In  1895  a  simi- 
lar map  was  published  for  the  State  of  Connecticut  by  the  Board  of 
Health,  and  at  the  present  time  work  of  a  like  character  is  being 
carried  on  in  other  sections  of  the  country.  In  December,  1898,  a 
map  of  normal  chlorine  for  the  island  of  Jamaica  was  published  in  the 
Technology  Quarterly  by  Mrs.  Ellen  H.  Richards,  and  Mr.  Arthur  T. 
Hopkins. 

In  1897  the  department  of  water  supply  of  Brooklyn,  New  York, 
established  a  laboratory  at  Mt.  Prospect  reservoir  for  the  purpose  of 
making  complete  examinations  of  samples  of  water  from  all  parts 
of  the  waterworks  system.  The  water  supply  consists  of  a  series  of 
streams  upon  the  west-central  portion  of  the  southern  slope  of  Long 
Island,  supplemented  by  driven  wells  sunk  within  the  limits  of  the 
same  watershed. 

At  the  very  outset  of  the  work  it  was  thought  wise  to  ascertain 
the  normal  chlorine  of  the  watershed,  and,  as  population  had  already 
encroached  to  a  considerable  extent  upon  its  western  portion,  it  was 
decided  to  extend  the  chlorine  observations  over  the  entire  island. 
There  were  two  reasons  why  this  seemed  desirable :  First,  it  was  be- 
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lieved  that  the  isochlors  would  be  found  to  be  approximately  parallel 
to  the  coast  lines,  and  that  the  more  exact  location  of  the  isochlors 
to  be  obtained  in  the  sparsely  settled  regions  would  be  of  value  in 
extending  these  lines  over  the  watershed  of  the  Brooklyn  supply. 
Second,  in  the  event  of  an  eastward  extension  of  the  supply  the  iso- 
chlors in  that  region  would  be  of  value  in  estimating  future  pollution. 

Long  Island  is  about  114  miles  long,  and  from  10  to  20  miles  wide, 
with  an  approximate  area  of  1,200  square  miles.  A  series  of  ridges, 
that  have  an  average  height  of  about  250  feet,  extends  along  the 
entire  northern  shore,  separating  the  northern  and  southern  water- 
sheds. The  main  drainage  areas  are  on  the  south  slope  of  the  island, 
and  with  a  few  exceptions,  the  important  streams  flow  from  north  to 
south.     The  soil  over  the  greater  portion  of  the  island  is  very  sandy. 

In  October,  1897,  a  collector  was  sent  over  the  island  to  secure 
samples  from  ponds,  streams  and  wells  that  showed  no  evidences  of 
pollution.  Empty  bottles  were  shipped  to  him  at  various  stations 
on  the  Long  Island  Railroad,  and  from  these  places  as  centres,  local 
trips  were  made  by  carriage  or  bicycle.  The  general  plan  of  collec- 
tion was  to  obtain  several  series  of  samples  across  the  island  in  north 
and  south  lines,  and  a  few  scattered  samples  at  the  eastern  extremity. 
In  April,  1898,  the  collector  made  a  second  trip  of  about  a  week's 
duration,  and  secured  duplicate  samples  from  some  of  the  localities 
first  visited,  besides  samples  from  some  new  regions. 

In  these  two  trips  samples  were  secured  from  seventy-seven  locali- 
ties, and  a  few  more  were  subsequently  added.  Many  of  these,  how- 
ever, had  to  be  discarded  as  they  were  evidently  not  normal.  In  cer- 
tain places  the  only  samples  that  could  be  obtained  were  from  wells, 
and  some  of  these  were  so  near  houses  or  barns  that  their  contami- 
nation was  apparent.  Moreover,  there  were  some  sections  near  the 
center  of  the  island  where,  during  the  October  trip,  the  collector  was 
unable  to  find  any  water  at  all,  because  of  the  sandy  nature  of  the 
soil. 

The  following  is  a  list  of  those  samples  that  were  apparently 
normal  in  their  chlorine  contents,  and  that  were  used  in  the  prep- 
aration of  the  accompanying  map. 

It  will  be  seen  from  the  map  that,  except  at  the  eastern  6nd  of 
the  island  and  except  near  the  coast,  the  normal  chlorine  is  below  six 
parts  per  million.  On  the  south  shore  the  isochlor  of  six  parts  per 
million  is  only  two  or  three  miles  inland,  while  on  the  north  shore  it  is 
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Number  of 
Sample. 

Chlorine. 

Sample. 

Locality. 

1. 

15.8 

Well. 

\  mile  east  of  Montauk  Station. 

2. 

16.5 

Well. 

Amagansett,  200  feet  south  of  depot. 

3. 

30.8 

Well. 

(  Bridgehampton,  1^  miles  southeast  of  station,  and  1  milo 
{      north  of  beach. 

5. 

17.2 

Spring. 

1^  miles  southwest  of  Sag  Harbor. 

6. 

61.8 

Well. 

1  mile  north  of  Greenport. 

8. 

12.9 

Pond. 

Mattituck. 

9. 

16.4 

Well. 

Aquebogue. 

10. 

7.6 

Stream. 

Peconic  River,  \  mile  north  of  Manor. 

11. 

6.4 

Well. 

1  mile  north  of  Manor. 

13. 

6.0 

Pond. 

Long  Pond. 

14. 

10.0 

Spring. 

Wading  River. 

16. 

4.9 

Well. 

1}  miles  south  of  Manor. 

17. 

7.4 

Well. 

3i  miles  north  of  Moriches. 

18. 

7.4 

Well. 

\  mile  north  of  Moriches. 

19. 

6.1 

Well. 

1  mile  northeast  of  Patchogue. 

20. 

4.6 

Pond. 

2  miles  north  of  Patchogue. 

21. 

5.1 

Well. 

Medford  Station. 

23. 

67 

Stream. 

Scudder  Brook,  1  mile  northeast  of  Greenlawn. 

26. 

4.8 

Well. 

4  miles  north  of  Deer  Park. 

27. 

4.2 

Well. 

2  miles  north  of  Deer  Park. 

29. 

5.0 

Stream. 

Brook  at  Belmont  Pond,  2  miles  north  of  Babylon. 

30. 

4.6 

Stream. 

3  miles  north  of  Babylon. 

31. 

4.9 

Stream. 

Sampawanis  Brook,  1}  miles  northeast  of  Babylon. 

32. 

5.0 

Well. 

1}  miles  north  of  Babylon. 

33. 

5.1 

Pond. 

1  mile  northwest  of  Babylon. 

37. 

3.0 

Well. 

\  mile  northeast  of  Hempstead. 

43. 

7.0 

Stream. 

King's  Park,  near  State  Hospital. 

44. 

7.8 

Pond. 

King's  Park,  near  State  Hospital. 

45. 

52 

Well. 

1^  miles  east  of  Selden. 

4a 

6.0 

Well. 

1  mile  northeast  of  Islip. 

49. 

4.1 

Stream. 

Beaver  Brook,  1^  miles  north  of  Islip. 

50. 

4.0 

Well. 

1  mile  south  of  Islip. 

51. 

4.0 

Well. 

^  mile  north  of  Centre  Islip. 

55. 

4.2 

Stream. 

3  miles  south  of  Smithtown. 

60. 

7.0 

Stream. 

1  mile  southeast  of  Huntington. 

67. 

4.2 

Well. 

MelviUe  Station. 

68. 

4.2 

Well 

\  mile  south  of  Melville. 

69. 

4.7 

Well. 

1}  miles  southeast  of  Melville. 

70. 

94 

Well. 

\  mile  south  of  Massapequa. 

7a 

4.0 

Stream. 

Upper  end  of  Massapequa  Stream. 

79. 

4.8 

Stream. 

Upper  end  of  East  Meadow  Stream. 

80. 

3.8 

Stream. 

Hempstead  Stream,  above  Hempstead. 

probably  three  or  four  miles.  The  isochlor  of  five  parts  per  million 
is  about  two  miles  farther  from  the  shore,  and  is  parallel  with  the 
former.      The  isochlor  of  four  parts  per  million  surrounds  a  narrow 
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strip  in  the  center  of  the  island  from  three  to  five  miles  wide.  In 
the  center  of  this  region  the  normal  chlorine  is  somewhat  lower  than 
four  parts  per  million. 

Conxparison  of  this  map  with  the  other  maps  of  normal  chlorine 
referred  to,  shows  that  in  Massachusetts  the  isochlor  of  three  parts 
per  million  is  located  about  twenty  miles  from  the  coast ;  in  Connecti- 
cut it  varies  from  five  to  fifteen  miles ;  in  Jamaica,  from  ten  to  twenty 
miles ;  while  in  the  central  part  of  Long  Island,  where  the  normal 
chlorine  may  be  as  low  as  three  parts  per  million,  it  is  about  eight  or 
ten  miles  inland. 

The  isochlor  of  five  parts  per  million  is  about  ten  miles  inland  in 
Massachusetts  and  Jamaica,  while  on  Long  Island  it  is  much  nearer  the 
coast.  This  isochlor  is  not  given  for  Connecticut,  but  a  few  scattered 
observations  would  indicate  that  it  lies  nearer  the  coast  than  in  Massa- 
chusetts, and  in  this  respect  it  agrees  with  the  corresponding  isochlor 
on  Long  Island. 

The  normal  chlorine  at  the  line  of  the  aqueduct  of  the  Brooklyn 
Water  Supply  is  about  six  parts  per  million,  but  most  of  the  streams 
cross  the  isochlor  of  five  parts  per  million,  and  a  few  take  their  rise 
in  a  region  where  the  normal  chlorine  is  below  four  parts  per  million. 
It  seems  probable  that  the  normal  chlorine  for  the  supply  ponds  of  the 
Brooklyn  Water  Works  lies  between  five  and  a  half  and  six  parts  per 
million,  and  that  any  chlorine  found  in  these  ponds  in  excess  of  six 
parts  per  million,  may  be  considered  as  due  to  the  effect  of  population 
dwelling  upon  the  watershed. 

At  the  eastern  end  of  the  island  the  normal  chlorine  is  very  high  \ 

and  varies  greatly  in  different  localities.     In  this  respect  it  resembles  ; 

the  normal  chlorine  found  on  Cape  Cod  in  Massachusetts.  | 

The  writers  desire  to  express  their  thanks  to  Mr.  Robert  Van 
Buren,  Engineer-in-charge  Department  of  Water  Supply  of  Brooklyn, 
for  permission  to  quote  from  the  laboratory  records,  and  to  Mr.  I.  M. 
De  Varona,  Engineer  of  Water  Supply,  under  whose  general  direction 
the  above  investigation  was  made. 


I 


/^/- 


i 


NOW  IS  THE  TIME 
TO  ADVERTISE   ^ 


For  space  apply  to 
THE  EDITOR,  TECHNOLOGY  QUARTERLY, 

Massachusetts  Institute  of  Ttthnotogy, 

BOSTON,  MASS. 


AD  VERTiHEMENTS. 

pABOT'S       CHINGIE 
Lreosote    OTAINS. 

"  The  Only  Exterior  Coloring 
'  That  Does  Not 

,„„™,....,  'Blacken." 

Tot  samples  on  wood  and  book  of  sketches  apply  to 

SAIOEL  CJBOT,  70  HBJ  Stnel,  Boston,  Mass.,  Soil  Imnliictmr. 

COCHRANE  CHEMICAL  CO., 

66    KILBY    STREETT,  BOSTON,   IVlASS. 


OIL  VITRIOL,  AQUA  AMMONIA.  ALUM, 

MURIATIC  KCXD,  SULPHATE  AMMONIA,  P0R0U9  ALUM. 

NITRIC  ACID,  EXTRACT  INDiaO,  SULPHATE  ALUMINA, 

ACBTIC  AdO.  GLAUBER'S  SALT,  CHLORIDE  ALUMINA, 

AQUA  PORTIS,  SULPHATE  SODA,  IRON  LIQUORS, 

TIN  CRYSTALS,  BISULPHATB  SODA,  NITRATE  IRON, 

MURIATB  TIN.  BISULPHITE  SODA,  NITRATE  COPPER, 
9TANNATE  SODA.  Ud  otb«r  CkMilctls. 

BUSINESS  FOUNDED  1840.  WORKS  AT  EVERETT.  MAM. 

Why   try    lo    stick 

things  with  some- 
thing that  doesnt 
I  stick?  Buy  MAJOR'S 
'  CEMENT;  you  know 

it     stichs.      Nothing 

breaks  away  from  it. 

Slick     to     MAJOR'S 

CEMENT.   Buy  once, 

!you  will  buy  for- 
ever. There  is 
nothing  as  good; 
don't  believe  the 
'  J  substituler. 

nd  MMOR'S  LEATHER. 


MAJOR    CEMENT   Ca,   NEW  YORK   CITY. 


'U' 


l^HOTOGRAVURE 

FROM 

A     PHOTOGRAPH     OF    THE    CORONA 

BY 

Harrison    W.  Smith. 

Kx{)osure  ten  seconds.     Enlarged  two  diameters. 


.'     1    V 


^'ov  3  j'--' 


A 


't. 


I 


Technology  Quarterly 


AND 


PROCEEDINGS  OF  THE  SOCIETY  OF  ARTS. 


Vol.  XIII.  SEPTEMBER,  1900.  No.  3. 


PROCEEDINGS   OF  THE   SOCIETY  OF  ARTS. 


THIRTY'EIGHTH  YEAR,  iSg^igoo, 


Boston,  April  12,   1900. 

The  539th  regular  meeting  of  the  Society  of  Arts  was  held 
this  day  at  8  p.m.,  President  Crafts  presiding.  Sixty  persons  were 
present.  The  report  of  the  previous  meeting  was  read  and  approved. 
Mr.  Edward  G.  Thomas,  *^7y  and  Mr.  Charles  F.  Tillinghast,  '95,  were 
elected  to  Associate  Membership.  The  following  paper  was  pre- 
sented by  title,  "The  Reflection  of  Light  in  the  Neighborhood  of 
the  Critical  Angle,'*  by  Mr.  J.  G.  Coffin. 

The  President  introduced  Professor  L.  P.  Kinnicutt,  Director  of 
the  Chemical  Department,  Worcester  Polytechnic  Institute,  who 
addressed  the  Society  on  "Recent  Changes  of  Opinion  in  England 
in  Favor  of  the  Bacterial  Purification  of  Sewage."  The  speaker 
defined  the  bacterial  treatment  of  sewage  as  an  "  endeavor  to  obtain 
under  control  and  supervision,  results  which  are  everywhere  being 
produced  in  nature  by  agents  which  have  been  at  work  ever  since 
life  first  appeared  in  the  world.  It  is  an  attempt  to  carry  on,  under 
the  best  possible  conditions,  the  processes  of  nature  by  which  dead 
vegetable  and  animal  matter  is  continually  being  changed  into  mineral 
substances." 
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The  former  idea  that  the  higher  plant  life  is  capable  of  decom- 
posing and  purifying  sewage  has  long  been  recognized  as  incorrect. 
The  removal  from  sewage  of  putrifying  substances  is  known  to  be 
due  to  certain  minute  plants  called  bacteria.  The  possibility  of  the 
purification  of  sewage  by  these  agents,  on  a  practical  scale,  was  first 
demonstrated  by  the  Massachusetts  State  Board  of  Health,  as  a  result 
of  the  work  of  a  number  of  eminent  scientists.  Drown,  Sedgwick, 
Stearns,  Hazen.  The  method  suggested  in  their  report  is  known  as 
the  Intermittent  Filtration  of  Sewage. 

A  number  of  practical  questions  which  remained  unsolved  in  this 
report,  led,  in  England,  to  an  extensive  investigation  of  the  bacterial 
treatment  of  sewage,  and  has  resulted  in  the  study  of  the  **  open  and 
closed  septic  tanks,"  and  the  development  of  the  "single  and  double 
contact  systems."  The  speaker  explained  th^ese  processes  in  detail, 
and  also  the  results  of  extensive  experiments  which  have  been  made 
in  Manchester,  England,  during  the  last  two  years,  on  the  best 
methods  of  sewage  disposal.  Persons  interested  in  this  subject 
should  consult  Professor  Kinnicutt*s  paper,  which  is  given  in  full  in 
the  February  number  of  the  Journal  of  the  Association  of  Engineer- 
ing Societies. 

A  discussion  followed  the  reading  of  the  paper.  The  thanks  of 
the  Society  were  tendered  Professor  Kinnicutt  for  his  able  and  inter- 
esting address. 


Boston,  April  26,   1900. 

The  540th  regular  meeting  of  the  Society  of  Arts  was  held  on 
this  day  in  Room  22,  Walker  Building,  at  8  p.m.  Mr.  George  W. 
Blodgett  presided.     Two  hundred  and  seventy  persons  were  present. 

The  records  of  the  previous  meeting  were  approved.  Mr.  Her- 
mann C.  Lythgoe,  Massachusetts  Institute  of  Technology,  '96,  was 
elected  to  Associate  Membership.  On  motion  of  Professor  S.  Homer 
Woodbridge,  the  chairman  was  empowered,  in  accordance  with  the 
By-Laws,  to  appoint  a  committee  to  nominate  the  Executive  Com- 
mittee for  the  ensuing  year.  The  following  gentlemen  were  ap- 
pointed :  Dr.  Francis  H.  Williams,  Professors  A.  Lawrence  Rotch, 
George  F.  Swain,  Edward  F.  Miller,  and  Mr.  Arthur  T.  Hopkins. 

After  the  announcement  of  the  subject  for  the  Annual  Meeting, 
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Professor  W.  L.  Puffer  was  introduced,  and  spoke  on  "Lecture  Room 
Models  for  Illustrating  the  Modern  Methods  of  Electric  Transmission 
of  Power."  The  paper  was  illustrated  by  means  of  working  models, 
most  of  which  were  made  by  the  engineer  in  the  Electrical  Engineer- 
ing Laboratory  of  the  Institute. 

An  electric  motor,  representing  an  engine  or  water  wheel,  drove 
by  belts  two  exactly  similar  generators.  These  generators  were  so 
arranged  that  they  could  separately,  or  at  the  same  time,  supply  a 
direct  current  cr  a  />4fr^-phase  alternating  current. 

The  models  were  set  up  for  this  lecture  to  represent  a  great  cen- 
tral station,  supplying  light  and  power  to  its  immediate  vicinity  at 
220  volts  direct  current  using  two-wire  system.  At  the  same  time, 
the  plant  furnished,  by  means  of  three-phase  system,  current  which 
passed  out  over  a  miniature  transmission  line  to  three  transformers, 
arranged  to  operate  a  model  twelve-phase  induction  motor.  The 
latter  was  fitted  with  many  types  of  armature. 

Another  part  of  the  station  output  was  raised  to  very  high  pres- 
sure by  three  step-up  transformers,  and  transmitted  over  a  long  model 
pole  line  to  a  step-down  transformer  of  relatively  large  size.  This 
transformer  was  of  peculiar  construction,  inasmuch  as  the  magnetic 
circuits  of  the  three  phases,  as  well  as  the  copper  circuits,  were  inter- 
linked in  the  same  transformer.  There  were  two  secondaries,  one  of 
which  was  used  for  supplying  three-phase  power  to  a  six-phase  induc- 
tion motor,  which  motor  was  supplied  with  various  types  of  armatures 
and  methods  of  connecting  field  windings.  The  other  secondary 
supplied  by  one  set  of  mains  a  local  centre  consisting  entirely  of 
incandescent  lamps  wired  on  that  most  beautiful  of  all  systems,  the 
three-phase,  four-wire  system.  This  model  showed  clearly  the  fine 
regulation  of  the  system  when  working  under  the  most  severe  con- 
ditions of  unbalanced  load. 

The  same  transformer  also  supplied  current  to  a  rotary  trans- 
former of  relatively  large  size  which  was  used  to  supply  the  ordinary 
Edison  three-wire  system.  The  neutral  wire  was  obtained  from  the 
electrical  centre  of  the  transformer  coil. 

Another  branch  of  the  high  potential  mains  was  carried  to  a 
centre  of  distribution  at  which  there  were  three  series  of  miniature 
incandescent  lamps  taking  power  directly  from  these  mains.  Three 
transformers,  with  both  primary  and  secondary  circuits  controlled  by 
double   throw-switches,  were   arranged   to  show  the   possibilities   of 
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change  of  voltage  by  the  various  well-known  electrical  methods 
of  connecting  the  three-phase  circuits.  These  same  transformers 
could  be  used  to  change  the  three-phase  system  into  two-phase  sys- 
tems, on  which  were  shown  both  incandescent  lamps  and  a  one- 
fourth-phase  induction  motor. 

The  lecture  was  most  thoroughly  enjoyed  by  the  large  audience 
present,  which  concurred  most  heartily  in  the  vote  of  thanks  tendered 
Professor  Puffer. 


Boston,  May  lo,   1900. 

The  38th  Annual  Meeting,  541st  regular  meeting,  of  the  Society 
OF  Arts  was  held  in  the  Rogers  Building,  on  this  day  at  8  p.m. 
President  Crafts  presided.     Forty-five  persons  were  present. 

The  records  of  the  previous  meeting  were  read  and  approved.  It 
was  voted  that  the  Annual  Report  of  the  Executive  Committee,  read 
by  the  Secretary,  be  accepted. 

ANNUAL  REPORT  OF  EXECUTIVE  COMMITTEE. 

The  first  meeting  of  the  Society  of  Arts  for  the  present  year  was  held  on  October 
12, 1899.  Fourteen  meetings  have  been  held,  the  average  attendance  being  ninety  persons. 
The  following  papers  have  been  read  : 

"Some  Practical  Applications  of  Storage  Vatteries,"  by  Mr.  T.  S.  Woodbridge. 

"Visual  Signals,*'  by  Mr.  H.  C.  Spaulding. 

"Use  of  Kites  to  Obtain  Meteorological  Data,"  by  Professor  A.  Lawrence  Rotch. 

"  New  Cellulose  Industries,"  by  Mr.  A.  D.  Little. 

"  Exhibition  of  Building  Stones  and  Minerals  collected  by  the  Geological  Department  of 
the  Massachusetts  Institute  of  Technology,  in  Association  with  the  Commissioners  of  Mas- 
sachusetts and  the  United  States  for  the  Paris  Exposition,"  by  Professors  Niles  and  Crosby, 
and  Mr.  Fuller. 

"  The  Character  and  Extent  of  Food  and  Drug  Adulterations  in  Massachusetts,  and  the 
Systems  of  Inspection  of  the  State  Board  of  Health,"  by  Mr.  Albert  E.  Leach. 

"  A  New  Dynamo-static  Machine,"  by  Professor  Elihu  Thomson. 

"  An  Architect's  Tour  through  the  Riviera  and  Central  France,"  by  Professor  E.  B. 
Homer. 

Massachusetts  Roads,  Old  and  New,"  by  Mr.  William  E.  McClintock. 
Water  Storage  on  the  Gila  River,  Arizona,"  by  Mr.  F.  H.  Newell. 

"The  Boston  Elevated  Railway  System,"  by  General  W.  A.  Bancroft. 

"Recent  Changes  of  Opinion  in  England  in  Favor  of  the  Bacterial  Purification  of 
Sewage,"  by  Professor  L.  P.  Kinnicutt. 

"  Lecture  Room  Models  for  Illustrating  the  Modem  Methods  for  Electric  Transmission 
of  Power,"  by  Professor  W.  L.  Puffer. 

"Steel,  Gray,  and  Gun  Iron  Castings;  their  Uses  and  Relative  Values,"  by  Mr.  W 
W.  Bird. 
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At  the  first  meeting  of  the  year,  the  resignation  of  the  Secretary,  Mr.  Arthur  T.  Hop- 
kins, was  accepted,  and  Dr.  Wendell  elected  to  the  position.  Mr.  Hopkins's  administration 
had  been  most  successful,  and  the  Society  regretted  that  his  removal  from  Boston  prevented 
his  continuation  in  office. 

During  the  year  there  have  been  a  number  of  changes  in  membership.  Mr.  William 
Jackson,  City  Engineer  of  Boston,  has  been  elected  to  Life  Membership,  making  the  number 
of  such  members  47.  Of  th&  Associate  Members,  2  have  died,  8  resigned ;  22  have,  how- 
ever, been  elected,  making  the  present  membership  339. 

In  the  death  of  Professor  Silas  W.  Holman,  the  Society  lost  one  of  its  most  distin- 
guished members,  and  the  Institute  of  Technology  one  of  its  most  eminent  teachers.  While 
his  health  lasted  he  evinced  a  most  active  interest  in  the  welfare  of  the  Society,  as  its  Secre- 
tary from  1881-1883,  and  by  his  many  contributions  to  the  Quarterly,  A  sketch  of  his  life 
will  be  found  in  the  Technology  Revirw  for  July,  1900. 

The  publication  of  the  Technology  Quarterly  has  been  continued  under  the  same  manage- 
ment as  last  year.  Since  the  last  annual  report,  twenty  papers  have  been  published  in  the 
Quarterly^  of  which  six  were  read  before  the  Society,  the  rest  being  presented  only  by  title. 
Besides  these,  the  Proceedings  of  the  Society  and  the  Review  of  American  Chemical 
Research,  contributed  by  members  of  the  Chemical  Department,  have  appeared  regularly. 
Mr.  Axson's  article  on  "  Nitrites  as  a  Product  of  Combustion,"  is  the  first  of  a  new  series 
of  contributions  from  the  Laboratory  of  Sanitary  Chemistry.  Two  of  the  articles  embody 
the  results  of  notable  pieces  of  work  done  by  members  of  the  Faculty.  One  of  these  is  an 
article  on  the  **  Geological  History  of  the  Nashua  Valley  during  the  Tertiary  and  Quaternary 
Periods,*'  by  Professor  W.  O.  Crosby,  in  which  we  have  the  scientific  results  of  an  extended 
investigation  carried  on  under  the  auspices  of  the  Metropolitan  Water  Commission.  The 
other  is  by  Professor  II  of  man,  on  "The  Temperatures  at  which  Certain  Ferrous  and  Calcic 
Silicates  are  Formed  in  Fusion,  and  the  Effect  upon  These  Temperatures  of  the  Presence 
of  Certain  Metallic  Oxides,"  a  subject  of  great  practical  importance  in  Metallurgy.  The 
research  was  carried  on  under  a  grant  from  the  C.  M.  Warren  Fund  of  the  American 
Academy  of  Arts  and  Sciences. 


The  Secretary  read  a  communication  from  the  Committee  on 
Nominations,  in  which  the  following  gentlemen  were  named  as  can- 
didates for  the  Executive  Committee  for  the  year  1900-1901  :  George 
W.  Blodgett,  Desmond  FitzGerald,  Edmund  H.  Hewins,  Charles  T. 
Main,  and  James  P.  Munroe.  Mr.  Blodgett  announced  that  the 
Executive  Committee  had  voted  to  nominate  George  V.  Wendell  to 
be  candidate  for  the  office  of  Secretary.  The  President  appointed 
Dr.  Robert  P.  Bigelow  to  distribute  and  count  the  ballots.  The  vote 
resulted  in  the  election  of  the  above-named  candidates. 

The  following  papers  were  presented  by  title  : 

"Outlines  of  the  Geology  of  Long  Island  and  its  Relation  to  the 
Public  Water  Supplies,"  by  Professor  W.  O.  Crosby. 

"  Notes  on  the  Geology  of  the  Sites  of  the  Proposed  t)ams  in  the 
Valleys  of  the  Housatonic  and  Ten-Mile  Rivers,"  by  Professor  W.  O. 
Crosby. 

"Tests  of  Fire  Retardent  Material,"  by  Charles  L.  Norton. 
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After  the  business  was  transacted,  Mr.  W.  W.  Bird,  of  the 
Broadway  Iron  Foundry,  Cambridge,  was  introduced,  and  gave  an 
interesting  paper  on  "  Steel,  Gray,  and  Gun  Iron  Castings ;  their 
Uses  and  Relative  Values."  This  paper  is  printed  in  full  in  the 
Junior  Proceedings  of  the  American  Society  of  Mechanical  Engi- 
neers. During  the  discussion  which  followed.  Dr.  Henry  O.  Marcy 
referred  to  the  valuable  work  which  has  been  done  by  Nathaniel 
Washburn,  on  manganese  iron.  The  thanks  of  the  Society  were 
extended  to  Mr.  Bird. 

George  V.  Wendell,  Secretary. 


The  Eclipse  Expedition  to   Washington,  Georgia..  155 


THE  ECLIPSE  EXPEDITION  OF  THE 
MASSACHUSETTS  INSTITUTE   OF  TECHNOLOGY 

TO    WASHINGTON,    GEORGIA. 

Part  I.     Introduction. 

•   By  ALFRED  E.  BURTON. 

The  total  solar  eclipse  of  May  28th,  1900,  was  the  first  since 
1869  to  be  visible  at  points  near  our  Atlantic  coast.  Students  of 
astronomy  in  the  Eastern  States  very  generally  availed  themselves 
of  this  opportunity  to  witness  the  wonderful  phenomena  of  totality. 
Eclipse  expeditions  were  by  no  means  confined  to  the  larger 
observatories.  The  colleges  generally  sent  parties  to  different 
points  along  the  track  of  the  shadow. 

The  corporation  of  the  Massachusetts  Institute  of  Technology 
made  an  appropriation  in  the  fall  of  1899  ^^  send  a  small  party 
south  to  make  "Time  observations  in  connection  with  the  eclipse." 
The  new  geodetic  observatory  of  the  civil  engineering  department 
was  to  furnish  the  instruments,  and  the  instructors  in  the  geodetic 
option  were  to  be  the  observers.  The  party  was  placed "  in  charge 
of  the  writer.  Professor  Arthur  G.  Robbins  and  Mr.  G.  L. 
Hosmer  were,  at  first,  the  only  other  members,  but  later  we  were 
able  to  increase  the  size  of  the  party  and  to  extend  somewhat  the 
scope  of  the  work.  Professor  Dana  P.  Bartlett,  Mr.  Walter 
Humphreys  and  Mr.  Harrison  W.  Smith,  all  from  the  Institute, 
volunteered  their  services,  and  the  program  was  made  to  include 
magnetic  observations  and  the  photographing  and  sketching  of  the 
corona. 

The  geodetic  observatory  furnished  an  astronomical  transit  with 
latitude  level,  a  chronometer  and  a  chronograph,  also  a  magnet- 
ometer and  dip  circle.  Two  equatorially  mounted  telescopes,  one 
of  five  inches  and  one  of  three  inches  aperture,  were  hired  from 
the  firm  of  Alvan  Clark  &  Sons  of  Cambridge.  These  telescopes 
were  fitted  with   eye-pieces  and  shades  especially  for   eclipse   work. 
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The  above  named  apparatus,  together  with  a  few  surveying  in- 
struments and  a  special  form  of  camera  devised  by  Mr.  H.  W. 
Smith  for  photographing  the  corona,  made  up  our  outfit.  We  did 
not  attempt  any  new  line  of  research.  It  was  new  work  for  all 
and  it  did  not  seem  wise  to  try  too  many  things. 

The  point  to  be  occupied  as  an  observing  station  was  chosen 
as  early  as  November,  1899.  The  selection  was  made  after  a. 
careful  examination  of  the  largest  scale  maps  to  be  obtained,  on 
which  the  path  of  the  moon's  shadow  was  plotted.  Washington, 
Georgia,  was  one  of  the  points  of  highest  altitude  to  be  found  on 
the  central  line  of  the  shadow  and  was  directly  accessible  by  rail. 
It  was  not  a  point  mentioned  by  Professor  Frank  H.  Bigelow  in 
his  report  on  the  meteorological  conditions  prevailing  for  the  past 
three  years  along  the  path  of  totality,  but,  as  it  was  in  a  region 
shown  by  his  diagrams  to  be  favorably  located  with  reference  to 
probable  cloudiness,  we  decided  to  make  it  our  station.  Events  after- 
wards showed  that  our  choice  had  been  a  wise  one  and  fortunate  in 
many  ways  not  to  be  anticipated.  The  town  itself  was  interesting 
and  the  people  most  hospitable  and  appreciative  of  our  work.  The 
success  and  pleasure  of  the  trip  was  due  in  no  small  measure  to 
our  happy  location. 

Professor  W.  H.  Pickering  of  Harvard  Observatory,  Mr.  A.  Law- 
rence Rotch  of  Blue  Hill  Observatory,  and  Mr.  A.  E.  Douglass  of 
the  Flagstaff  Arizona  Observatory  decided  to  come  to  this  point 
also.  This  arrangement  was  mutually  beneficial  and  it  made  our 
time  observations  of  greater  practical  utility. 

The  writer  left  Boston  May  9th  on  the  Savannah  steamer 
which  carried  the  outfits  for  all .  the  different  parties.  From 
Savannah  the  instruments  were  taken  by  rail  to  Washington, 
Georgia,  arriving  without  any  mishap. 

Mr.  J.  Rayner  Edmands  of  Harvard  Observatory  had  been 
South  in  April  and  had  picked  out  a  favorable  site  for  the  tele- 
scopes and  cameras.  The  erection  of  the  brick  and  cement  pier 
for  the  astronomical  transit  and  the  building  of  the  protecting 
sheds  were  begun  at  once,  and  a  few  days  later,  when  Mr.  Hosmer 
arrived,  all  was  ready  for  the  latitude  and  longitude  observations. 
The  maps  of  this  vicinity  are  not  exact  and  are  not  controlled  by 
triangulation,  therefore  the  latitude  and  longitude  as  scaled  from 
the  map    was    not  deemed    reliable,    and    our    first    work    was    the 
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determination  of  our  geographical  position.  From  maps  the  lati- 
tude of  Washington  was  found  to  be  N.  33"  40'  and  the  longitude 
W.  82°  42',  or  five  hours,  thirty  minutes  and  forty-eight  seconds. 
By  direct  observation,  using  Talcott's  method  for  latitude  and  a 
telegraphic  time  signal  from  Washington,  D.  C,  for  longitude,  the 
position  of  the  station  was  found  to  be  in  latitude  N.  33°  43'  49" 
and  longitude  W.  five  hours,  thirty  minutes  and  fifty-six  and  two- 
tenths  seconds.  This  determination  of  our  position  placed  us  some 
four  miles  north  and  nearly  two  miles  west  of  our  map  location 
and  off  the  central  line  sufficiently  to  reduce  the  period  of  computed 
totality  about  two  seconds. 


Fig.  1.  — General  View  ov  EclU'se  Station. 

The  next  step  in  our  work  was  to  mark  the  meridian  line 
permanently,  and  make  determinations  of  the  magnetic  declination 
and   dip. 

Finally  the  plan  was  drawn  showing  the  position  of  the  transit 
pier  and  the  magnetic  station  with  reference  to  the  nearest  build- 
ing and  road,  and  we  were  ready  for  the  eclipse.  Professors  Rob- 
bins  and  Bartlett  and  Messrs.  Humphreys  and  Smith  arrived  in 
Washington  May  26th. 

The  assignments  for  the  different  members  of  our  party  were 
as  follows.  To  Mr.  George  L,  Hosmer  was  given  the  position  of 
chief  observer,  his  excellent  work  during  the  past  two  years  at  the 
geodetic  observatory  having  shown  him  to  be  especially   well   quali- 
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ficci  for  this  work.  On  the  day  of  the  eclipse  he  was  to  use  the 
five-inch  equatorial  and  record  the  four  contacts  on  the  chronograph. 
To  Professor  Arthur  G.  Robbins  was  assigned  the  observation 
of  the  first  and  fourth  contact,  using  the  three-inch  equatorial  and 
a  stop-watch,  and  he  was  also  to  count  aloud  seconds  during 
totality  as  marked  by  the  beats  of  tlie   metronome. 

To  Professor-  Dana  P.  Bartlett  was  assigned  the  observations 
with  the  magnetometer  on 
the  morning  of  the  eclipse. 
All  these  gentlemen  have 
made  full  reports  of  their 
work,  which  are  printed  in 
the  later  pages  of  this  article. 
No  further  mention  need  be 
made  here  of  these  observa- 
tions except  to  say  that  they 
were  carried  out  in  a  most 
satisfactory  manner. 

Mr.  Harrison  W.  Smith 
constructed  a  special  form 
of  camera  with  a  very  in- 
genious arrangement  for  fol- 
lowing the  motion  of  the 
sun.  With  this  camera  six 
photographs  of  the  corona 
were  made  during  the  eighty- 
six  seconds  of  totality.  The 
Kh;  i  —  Smcth's  Camera.  time  of  the  exposure  varied 

from  one-half  a  second  to 
twenty  seconds.  All  the  plates  came  out  we!l,  and  a  photogravure 
made  from  an  enlargement  of  the  one  of  ten  seconds'  exposure  is 
printed  as  a  frontispiece  to  this  number  of  the  Quarterly.  A 
picture  of  the  camera  and  a  description  by  Mr.  Smith  of  its  con- 
struction are  given  here. 

The  camera  with  which  the  photographs  of  the  curuna  were  taken  consisted  of  a  wooden 
boK,  with  the  reversible  bacit  of  an  ordinary  4x5  camera  attached  at  one  cud  and  the  lens 
at  the  other.  The  lens  was  borrowed  from  a  small  telescope,  and  had  an  aperture  of  Ihree 
inches  and  focal  length  of  forty-three  inches.  In  order  to  make  the  long  exposure,  it  was 
necessary  to  provide  some  means  of  following  the  motion  of  the  sun ;  and  this  was  accom- 
plished bv  mounting  the  lens  end  of  the  camera  on  hinges  and  supporting  the  other  end  on 
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a  tangent  screw.    The  base  of  the  camera  was  securely  mounted  on  posts,  as  shown  in  the 
photograph,  being  tilted  so  that  the  plane  of  molion  of  the  camera  about  the  hinged  end 
should  be  parallel  10  the  plane  of  the  earth's  equator.     The  tangent  screw  was  operated 
through  a  series  of  gear-wheels,  by  means  of  a  small  crank,  shown  in  the  photograph  at  the 
lower  end  of  the  base  of  the  camera.     1'he  ratio  of  the  gear  and  the  pitch  of  the  tangent 
screw  were  such  ihat  one-half  a  revolution  of  the  crank  would  cause  the  camera  to  rotate 
through  an  angle  of  fifteen  seconds.     Consetjuenlly,  by  rotating  the  crank  at  the  rale  of  one* 
half  revolution  each  second,  the  desired  result  was  obtained.     It  was  found  that,  by  follow- 
ing the  beats  of  the  metronome  pendulum  or  listening  to  the  counter,  the  driving  could  be 
made  sufficiently  uniform  by  hand. 
The  plate  was  ]>rotected  from  re- 
flection  from    the   inside    of   the 
camera  box  by  means  of  a  series 
of   screens  distributed   along   the 

The  writer  while  ar- 
ranging the  program  for 
the  eclipse  party  be- 
came interested  in  de- 
veloping a  scheme  for 
sketching  the  corona, 
which,  although  not  con- 
taining anything  especial- 
ly novel,  may  be  of  some 
interest.  In  this  work  he 
was  ably  assisted  by  Mr. 
Walter  Humphreys. 
Sketching  the  corona  now 
occupies  a  rather  despised 

position    in    the  minds  of 

,        .  Fig.  3,  —  The  Skbtckino  Stand. 

astronomers,  but  it  seems 

to  the  writer  that  it  still  serves  a  useful  purpose  and  shoidd  not  be 

abandoned.     Photography  fails  to  give  the  impression  the  corona  makes 

on  the  naked  eye.     At  Washington,  Georgia,  we  made  an  attempt  to 

systematize  the  drawing  so  as  to  utilize  fully  every  second  of  time. 

A  sketching  stand.   Figure  3,  was  erected  of  such  a  height  that  by 

standing  in  front  of  it  one  could  look  from  the  sun  to  the  drawing 

with  the  least  movement  of    the  head  and  the  eye.     On  this    stand 

was  tacked    a  sheet  of   paper  already  supplied  with  a  black  disc  to 

represent  the  moon,  together  with  vertical  and   horizontal   lines  and 

concentric     circles     to    aid     in    judging    directions    and     distances. 

Above  the  upper  edge  of  the  board  was  stretched  a  horizontal  wire ; 

in  front  of  each  sketcher  this  wire  was  crossed   by    a    vertical    one, 
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and  these  wires  were  of  the  greatest  assistance  in  determining   the 
directions  of  the  coronal    streamers   and    in    defining   the   quadrants 
to    be    drawn.     We    were    fortunate    in    finding    in    Washington    a 
number  of  ladies  who  were  skilled  in  drawing  and   willing   to   prac- 
tice conscientiously  in  preparation  for  the  woric.     The  practice  con- 
sisted in  drawing  fr<)m  various  diagrams  of  coronas  held  up  on    the 
end  of  a  pole  so  as  to  appear  at  about  the  proper  angular  elevation 
of  the  sun.     The  time  of  sketching 
was    regulated    by    calling    out    the 
seconds   to    the    number   of   eighty- 
five,  just  as  was  to  be  done  on  the 
day  of  the  eclipse.     To  each  of  the 
ladies  was  assigned   the  drawing  of 
a  single  quadrant.     Mr.  Humphreys 
and  the  writer  attempted  the  whole 

„  ..  „  corona.     The  results  of  our  work  are 

Fig.  4.  —  Sketchchg  Class. 

shown  in  the  accompanying  illustra- 
tion. Figure  5.  The  small  diagrams  are  very  much  reduced  copies  of 
the  sketches  made  during  totality.  The  large  diagram  at  the  top 
of  the  page  is  taken  from  a  pastel  drawing  finished  by  the  writer 
twenty-four  minutes  after  totality  and  is  both  a  composite  and  a 
memory  sketch.  Very  little  color  was  apparent  to  the  eye  in  the 
coronal  tight,  so  that  black  and  white  give  a  fair  representation  of  the 
effect.  The  eyes  of  all  the  sketchers  were  closed  five  minutes  before 
totality  and  only  opened  after  the  counting  of  the  seconds  began. 

A  reproduction  of  the  plan  showing  the  location  of  the  instru- 
ments is  here  given.  Such  a  plan  is  useful  should  it  be  desired  to 
occupy  again  the  magnetic  station  to  note  changes  in  declination 
and   dip. 

A  diagram,  Figure  7,  is  given  to  show  the  relation  of  the 
points  of  first  and  fourth  contact  to  the  vertical.  A  second  dia- 
gram, Figure  S,  shows  the- approximate  relation  of  the  rays  of  the 
corona  to  the  axis  and  equator  of  the  sun.  This  diagram  is  con- 
structed from  an  enlargement  of  the  photograph  of  ten  seconds' 
exposure. 

In  conclusion,  the  writer  wishes  to  acknowledge  his  indebtedness 
to  the  Harvard,  Blue  Hill  and  Flagstaff  Observatories  for  aid  and 
co-operation.  To  the  people  of  the  city  of  Washington,  Georgia, 
all  feel  their  indebtedness  for  a  most  pleasant  experience  of  real 
Southern  hospitality. 
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Part    1 1.     Report    ok    Obsekvatfons. 
By    GEORGE    I..    HOSMER. 

The  part  of  the  work  assigned  to  me  by  Professor  Burton  in- 
cluded the  following  observations :  the  determination  of  the  position 
of  the  station,  correction  and  rating  of  the  chronometers,  obser- 
vation of  the  magnetic  declination  and  dip,  and  observation  of  the 
four  contacts  of  the  eclipse. 

The  instruments  with  which  the  latitude  and  longitude  were  to 
be  determined  were:  a  two  and  one-half 
inch  portable  transit,  carrying  a  micrometer 
and  a  level  for  latitude  work,  one  solar  and 
two  sidereal  chronometers,  a  chronograph, 
a  switch-board  and  other  smaller  apparatus 
The  place  selected  for  the  transit  station 
was  on  slightly  elevated  ground,  with  a  clear 
meridian  and  a  good  view  toward  the  east. 
A  brick  pier  was  built  for  the  transit  and  a 
rough  shed  eight  feet  square  built  over  it. 
At  the  earliest  possible  moment  the  transit 
was  mounted  and  adjusted  into  the  meri- 
dian,   and    the  work  of   finding  the    correc- 

^        ,  ,  ^  FiC.  9.  — AGRONOMICAL 

tions   and    rates    of   the   chronometers    was  Tbahsit. 

begun.     Time   observations    were    made   as 

often  as  possible,  sidereal  chronometer  No.  541,  in  circuit  with  the 
chronograph,  being  used  as  the  principal  chronometer.  The  correction 
to  the  solar  chronometer  {No.  528)  was  obtained  by  making  compari- 
sons at  coincident  beats  of  the  two  chronometers.  Observations  for 
latitude  by  Talcott's  method  were  made  successfully  on  but  one  night. 
This  instrument  will  hardly  admit  of  very  accurate  work  as  the  reversal 
is  difficult,  but  the  results  are  probably  as  accurate  as  are  needed 
in  this  case.  Soon  after  the  completion  of  the  building  a  tele- 
phone was  put  in,  which  allowed  the  observatory  to  be  connected 
with  the  telegraph  office.  It  was  found  that  by  placing  the  trans- 
mitter of  the  office  telephone  near  the  sounder  the  ticks  could  be 
heard  by  .in  observer  at  the  transit  station.  It  was  also  found  that 
this  office  received  a  time  signal  at  12  M.  {75th  meridian  time)  each 
day  <iirectly  from  Washington,  D.  C.  Thus  by  holding  the  chrono- 
graph key  in  one  hand   and    the  telephone   receiver  to   his   ear  with 
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the  other,  an  observer  could  record  on  his  chronograph  the  instant 
of  12  o'clock  Kastern  standard  time.  This  method  was  used  in 
determining  the  longitude  of  the  station.  Of  course  the  full  per- 
sonal equation  of  the  observer  enters 
into  this  observation,  still  the  ar- 
rangement was  better  than  was  ex- 
pected when  the  expedition  was 
planned,  and  the  accordance  of  re- 
sults indicates  that  the  accuracy  is 
neariy  as  high  as  that  of  the  lati- 
tude observations. 

Whenever  time  coidd  be  spared 
from  the  work  of  preparing  for  the 
Fig.  10.— Equatorials.  eclipse  itself,  the  magnetic  declina- 

tion and  dip  were  observed.  The 
magnetometer  used  was  of  the  Kew  pattern.  The  magnet  was  sus- 
pended by  three  or  four  silk  fibres  after  the  torsion  had  been  re- 
moved. All  iron  or  steel  was  carried  to  a  di.stance  of  at  least  lOO 
feet  from  the  instrument  before  beginning  operations.  After  the 
transit  had  been  closely  brought  into  the  meridian  a  small  brick  pier 
was  built  due  north  from  the  first  one,  and  a  point  was  marked 
upon   it  bearing  exactly  north    from  the  central  point  of  the  transit 

pier.     Between  the  two  and  on   the   line  a  . 

point  was  set  for  the  magnetic  station.     A 

target  was  set  exactly  in  line  on  the  north  j 

side   of    the   transit   shed   to   use   in   taking 

readings  with  the  magnetometer.     Thus  the 

angle  between  the  axis  of  the  magnet  and 

the    true    meridian    could    be   read   directly. 

The  axis  of  the  magnet  was  determined  by 

scale    readings    in    the    direct    and  inverted 

positions.     The  magnetic   observations  were 

of  secondary  importance  in  the  work  under-  i 

taken  by  the  party,  so  that  little  time  was  i 

given   to  them;  the  observations  are  there-       Fig.  ii,  — Magmetomktek. 

fore  incomplete  and   not  very  well   checked. 

The  observations  of  the  four  contacts  between  the  sun  and 
moon  were  to  be  observed  with  the  five-inch  equati>rial  and  to  be 
recorded  on  the  chronograph.     The  telescope  was  therefore    .set    up 
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quite  close  to  and  just  northeast  of  the  transit  shed.  The  wire 
leading  from  the  chronograph  to  the  observing  key  was  passed  out 
through  the  north  opening  of  the  shed.  Through  this  opening  the 
face  of  the  chronometer  and  the  chronograph  could  be  watched 
without  leaving  the  telescope.  A  second  chronometer,  keeping  local 
mean  time,  was  placed  on  the  ground  underneath  the  five-inch 
equatorial  to  be  used  by  all  observers  as  a  finder.  The  program  of 
observation  was  simply  to  record  the  times  of  the  four  contacts  and 
at  the  second  contact  to  call  "tip"  as  a  signal  for  Professor  Rob- 
bins  to  begin  counting  seconds.  The  conditions  were  all  very  favor- 
able at  the  time  of  the  eclipse  and  this  program  was  carried  out  suc- 
cessfully. The  transit  of  the  moon's  limb  over  a  solar  spot  was  also 
observed  by  means  of  a  stop-watch.  Following  are  the  results  of  all 
of  the  observations,  with  specimens  of  the  records  and  computations. 

RECORD  OF   A   LATITUDE  OBSERVATION  ON   MAY  26th. 


Latitude  Record. 

Station,  Washington,  Ga.       Instrument,  Temple  No.  i.      Date,  May  26,  1900.      Observer,  G.  L.  H. 


1 

D. 

s 

Chr.  Time 
Transit. 

k.         Mt 

13  37 

Lbvbl. 
Microm.   ' 

Eye- piece 

Star.     Mag.     Z. 

1 

Turns.           N.            S. 

Remarks. 

2125      6.3     5° 

11' 

16.063      83.0      30.0 

toward  micrometer. 

2141      5.8  1  5"^ 

15' 

N 

13  43 

13  5W  '   31.0   1   83.5 

Level  ' 

'O 

"  opposite  eye- piece. 

t  —  2.559. 

\  (^5  +  <^0 

33^ 

47' 

09".3 

log  t.  =  0.40807 

i  (m  —  m') 

3' 

19".3 

log  r.  =  2.19257 

114.5     N 

33"^ 
33^ 

43' 
43/ 

0".4 
49/^6 

2.60064 
2          0.30103 

113.0    S 

Lev.  corr. 

4)+    1.5 

2.29961 

-f  0/'.4 

Refrac. 

— 

0''.05 

199''.3 

Formulae 


k 


33°  43'  49''.55 

Computation  of  the  Apparent  Declination  of  Star  No.  2125. 

.   .^  (t-to)  +  /^](t-tJ. 
200 

=  '^o  +  '^  /*  +  g  cos  (G  -f  ao)  4-  h  cos  (H  +  «o)  si"  '^o  +  »  cos  S^. 

From  Greenwich  10-yr.  Catalogue,  1880,  No.  2125,  N.  P.  1).  =  61°  19'  36". 98. 

p  =  4-  18".352  X  20  =  367''.040.    A  p  =  —  .171  X  .10  X  20  =  —  0'^034. 
N.  P.  D.  1880  =  61°  19'  36'^98                                                                           367''.04 
Change  20-yr.  6'  07//.01  ;03 

N.  P.  D.  1900      61°25' 43'/.99  *  367'/.01 

d   X90Q  2S°3Vl6'^01 
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do  =  13A.  36m.  07 s. 

=  204°  02' 
G=    12°  34' 
H  =  203°  39' 
G  -h  (Jo  =  216°  36' 
H  +  (5o  =    47°  41' 
log  g  =  -f  1.1598 
"   h  =  +  1  3046 
"    i  =  —  0.547 
i  =  —  3".52 


g  1.1598 
cos  (6  +  So)  9.9046 

1.0644 
—  11".60 

i  —  0.547 
cos  cJo     9  944 

h  — +  13046 

cos  (H  -f  6o)  -f  9.8282 

sin  do  -f  9.6795 

+  0.8123 

-f  6".491 

rio  —  28°  34'  16''.01 

—  11".60 
+    6".49 

—  3'MO 

(5  —  28°  34'  09".80 
May  26t  igoo* 

—  0491 

—  3".10 

Pair. 

(Gr.  lo  W.  Lat.) 

2125 


Results  of  Latitude  Observations. 

Latitude. 


2141 
2200 

2211 
Mean 


33°  43'  49".6 

33<>  43'  48".3 
:^y'  43'  48".95 


Date. 


Results  of  Longitude  Observations. 

Chronometer. 


Longitude. " 
h.    m.     s. 

5  30  56.3 
5  30  56  1 


May  26  No.  528 

May  27  No.  541 

Mean,  5  30  56  2 

I  The  latitude  and  longitude  as  taken  from  the  U.  S.  G.  S.  map  are  ^  =  33*^  40';  a  =  82°  43'.  =  5A.  $om.  4&r. 


Table  of  Chronometer  Corrections  and  Rates. 


Late. 

Hour. 
Sid.  or  Mean. 

COKR. 

Ra,tb  (hour).* 

May 

No.  541. 

No.  528. 

No.  541. 

No.  528. 

21 

A.         Mm 

13  30  (s) 

—  338 

21 

5  51  P.M.  (m) 

—  27.95 

22 

9  00  P.M.  (m) 

•  •   •  •  •  • 

—  28.48 

24 

12  50  (s) 

—  31.% 

+.0257 

26 

7  40  A.M.  (m) 

—  28.45 

27 

12  15  (s) 

—  30.56 

+  .0195 

+  .01] 

28 

11  25  A.M.  (m) 

—  27.89 

•  ■•**• 

I  Third  chronometer  not  used. 
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Form  i. — Transit  Record  for  Time. 

Station,  Washington,  Ga.      Date,  May  34, 1900.      Observer,  G.  L.  H.     Chronometer,  Bond  (Sid.)  541. 


ao  Comae. 

8  Can.  Yen. 

76  Ura.  Maj. 

43  Comae. 

^  Urs.  Maj.  pr. 

E 

E 

E 

W 

W 

36.0         15.0 

33.0 

34.0     09.0 

+  340 

3$.0        18.0 

33.0 

+  36.0 

370 

09.S 

31.0        10.0 

36.0 
63.0 

37.0     x6.o 
61.0     35.0 

.01 

34.0      to  0 

60.0       38.0 

40.0 
73.0 

.01 

39.5 
66.5 

X7/> 

570        35.0 

+   .34 

+  .36 

36.5 

35.0 

+  34.0 

35.0 

s8.o 

+  36.0 

36.5 

33.0 

h.    m.      s. 

be  =  +  .34 

36.0 

33.0 

b  w  =  +  .36 

40.0 

13    34    49-13 

29  oa33 

36    51.16 

07  /9.05 

19   4565 

35   08.55 

16.90 

37    18.60 

33.90 

20   07.65 

16.00 

33.64 

missed 

4705 

39.30 

39.30 

50.37 

38    13.70 

08   ox. 40 

50.70 

4*43 

30  07.02 

38   41.10 

«5.40 

3X      13.00 

13    35    15.87 

39   33.65 

37   46.14 

07   47.16 

20     39.34 

Bb       +.36 
K(neg^.; 

+  .45 

+  .65 

+  .4* 

+  .59 

t,  13     35      16.23 

34x0 

46.79 

47.58 

39.83 

<)l3     34     44.73 

03.49 

15.00 

«5.36 

57.06 

—  3«-5o 

1 

—  31.61 

—  31.79 

—  33.32 

—  33.77 

Form  2.  —  Computation  of  Collimation  and  Azimuth  Constants. 

Computation  op  A  T  for  Obsbrvations  on  p.  38,  book  13. 


Star. 


30  Comae 

8  Can.  Ven 

76  Urs.  Maj 

43  Comae 

^  Urs.  Maj.  pr. .    .    . 


8 

fi 


Mean  of  time  stars 
Azimuth  star  .  . 
Mean  of  time  stars 
Azimuth  star  .  . 
Mean  of  time  stars 
Azimuth  star  .  . 
Mean  of  time  stars 
Azimuth  star     .    . 


Pos. 

«-t, 

C 

A 

Cc 

E 

—31.50 

— 1.06 

.32 

.39 

E 

—31.61 

— ».35 

.19 

.36 

E 

—31.79 

—2.24 

— X.IO 

.61 

W 

— 32.32 

1.13 

.10 

—.31 

W 

—3a.  77 

1.79 

—  .66 

-.48 

oc-t, 

C 

A 

Cc 

E 

—31.56 

— x.ao 

.30 

.40 

E 

—31.79 

—2.24 

— 1. 10 

.74 

W 

— ^33.33 

+  1.13 

.10 

—  37 

W 

— 3a.77 

+  1.79 

—  .66 

—.59 

£ 

*  •  ■  ■ 

•  •  •  • 

•  •  •  • 

.33 

E 

•  •  •  • 

•  •  •  ■ 

•  •  •  • 

.60 

W 

■  ■  ■  ■ 

•  ■  •  • 

•  •  •  • 

—.3* 

W 

•  •  •  • 

•  •  •  • 

•  ■  •  • 

-.48 

Aa 


.09 
.07 

—.43 
.05 

—.33 


a-t,-Cc 

Aa 

—31.96 

.08 

-33-53 

—  .44 

—31.85 

.04 

—33.18 

—  .37 

—31.88 

.08 

—33.39 

—  .43 

—31.91 

.05 

—33.39 

—  .33 

AT 

oc-t,-Cc 

-Aa 


—31.88 
—33.04 

—31.97 
—31.96 

—31.96 


.08 
.08 
.01 
.00 
.00 

oc-t,-Cc 
-Aa 

—33.04 
—33.09 
—31.89 

— 3i.9« 
—31.96 

—31.96 
—31.96 
—31.96 


A  T  =  —  311.96 
May  24th.  at 
isn, 50m. 


c=— .33 

ae  =  4-.44 


aw  =  -f  .44 

c  =  —  .37 
ae  =  +  .39 
aw=-h.5o 
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Magnetic  Observations 

Declination. 

May  24,  1900.  Scale  reading  of  axis  =  41.5 

Circle  reading  on  axis  at  11^.  10m.  a.m.,  local  time    A  193®  07'  W* 

B         05/  4<y' 


Mean    193°  06'  30^' 

Circle  reading  on  Aleridian  mark       ...        A  192<^  03'  ¥^' 

B  02'  OC' 


Mean    192°  02'  50" 
Declination  at  \\h.  lOn.  a.m.»  V  03'  40"  East. 

Circle  reading  on  axis  at  2A.  30ot.  p.m.     .        .        A  307°  11'  00" 


B  n'  40"  j 

■ —  I 


Mean    307°  11'  20^' 

Circle  reading  on  Meridian  mark        ...        A  306°  59'  40" 

B  00'  00" 


Mean    306°  59'  50" 


Declination  at  th,  30m.  p.m.,  1°  11'  30"  East. 


Circle  reading  on  axis  at  4A.  00m.  p.m.      .        .        A  307°  11'  00" 

B  11'  40" 


Mean    307°  11'  20" 

Circle  reading  on  Meridian  mark       ...        A  306°  59'  40" 

B  00'  00" 


Mean    306°  59'  50" 
Declination  at  4*.  OOiw.  p.m.,  1°  11'  30"  East. 

Dip. 

May  23,  1900,  at  5A.  45m.  p.m.,  local  time. 

Needle  No.  2. 

Polarity  of  A  end  south. 

CiRCLB  East.  Circlk  Wbst. 

Face  East.  Face  West.  Face  East.  Face  West. 

S  63°  49'      48'  63°  17'      16'  65°  W      15'  63°  51'      51' 

N  63°  53'      51'                   63°  23'      22'                          65°  03'      04'                    63°  38'      38' 
.  _i 

63°     50'.2  63°      19'.5  65°      09'.5  63°      44' 5 

Mean  Circle  E  =  63°  34'.8.  Mean  Circle  W  ==  64°  27'  0. 

Mean  64°  00'.9. 

Polarity  A  end  north. 

Circle  East.  Circlb  Wbst. 

Face  East.  Face  West.  Face  East.  Face  West 

S  64°  38'      39'  64°  10'      09'  64°  09'      10'  64°  53'      53' 

N  64°  43'      44'  64°  15'      14'  64°  26'      27'  64°  41'      41' 


64°     41'.0  64°    12'.0  64°    18'.0  64°      46'.8 

Mean  Circle  E  =  64°  53'.0.  Mean  Circle  W  =  64°  32'.4. 

Mean  64°  42'.7. 
Resulting  Dip  64°  21'.  8. 
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Contact  Observations. 


No.  541,*    .    .    . 
Corr.  to  No.  541, 

I. 

23  25  15  5 
3035 

II. 

0  32  55.9 
3033 

III. 

0  34  22.3 

30.33 

IV. 

1  51  43  7 
3031 

0'sR.A.    .     .     . 

23  24  45.15 
4  19  14.79 

0  32  25  57 
4  19  14.79 

0  33  51  97 
4  19  14.79 

1  51  13.39 
4  19  14  79 

Red.  (—  12A.) .     . 

19  05  30.36 
3  07  66 

20  13  10.76 
3  18.75 

20  14  37.18 
3  1898 

21  31  58.60 
3  31.66 

Local  time  . 

7  02  22.7(0)» 

8  09  52  OCi) 

8  11  ia2(0) 

9  28  26.9(4) 

'  Read  from  chronograph  sheet. 

^  Estliiiated  to  be  u.  late. 

NoTSs. — Third  contact  was  not  as  distinct  as  second. 

Moon's  Umb  Usected  large  spot  at  jk.  24M.  la.  is. 


Part  III.     Report  of  Observations. 

By    ARTHUR    G.    ROBBINS. 

The  work  assigned  to  me  in  observing  the  total  eclipse  of  the 
sun  at  Washington,  Ga.,  May  28,  1900,  was  to  obtain  the  time  of 
the  first  and  of  the  last  contact,  using  a  telescope  and  stop-watch, 
and,  during  totality,  to  count  aloud  the  beats  of  a  metronome  for 
the  benefit  of  those  engaged  in  taking  photographs  and  of  those  who 
made  sketches  of  the  corona.  In  addition,  I  made  a  naked-eye 
observation  of  the  time  of  the  second  and  of  the  third  contact, 
using  two  stop-watches.  The  telescope  used  was  a  three-inch  equa- 
torial, magnifying  thirty-two  diameters. 

At  6h.  58m.  30s.  A.  M.,  about  four  minutes  before  the  time  of 
first  contact,  I  started  the  stop-watch  on  the  tick  of  the  chronome- 
ter and  began  observing  that  part  of  the  sun's  limb  where  the  con- 
tact was  to  take  place.  Suddenly  the  limb  of  the  sun  became  finely 
serrated  along  a  smallarc.  This  was  quickly  followed  by  a  slight 
flattening  and  then  I  pressed  the  spring  of  the  stop-watch.  The 
interval  of  time  between  suspicion  and  conviction  was,  I  think,  less 
than  half  a  second. 

r^*         ffrPa  mm 

Started  Stop-watch  at       .    .     .    6  58  30- 0  chronometer  time. 
Stopped        **  "...  4  14.3  . 

7  02  44.3 

27  9  chronometer  fast 


Local  mean  time  of  first  contact,  7  02  16.4 
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At  8h.  /m.,  about  three  minutes  before  totality,  I  started  simul- 
taneously two  stop-watches  on  the  tick  of  the  chronometer,  put  on 
a  pair  of  dark  glasses,  started  the  metronome  and  placed  one  of  the 
watches  beside  it  on  a  box. 

The  sun  now  showed  as  a  very  narrow  crescent  of  light ;  this 
rapidly  shortened  to  a  point  and  disappeared.  Then  I  pressed  the 
spring  of  the  stop-watch,  and,  at  a  pre-arranged  signal  from  Mr. 
Hosmer,  began  calling  aloud  the  beats  of  the  metronome  and  con- 
tinued so  calling  till  several  seconds  after  totality  had  ceased.  Be- 
tween sixty  and  seventy  seconds  after  the  beginning  of  totality,  I 
exchanged  stop-watches  and  began  to  look  for  the  first  beam  of  sun- 
light. When  this  flashed  into  view  I  pressed  the  spring  of  the 
second  stop-watch. 


Started  stop-watches  No.  6  and  No.  8  at 
Stopped  stop-watch  No.  6  at  .     .     .    . 


Local  mean  time  of  second  contact 


Stopped  stop-watch  No.  8  at  . 


8  07  oao 

3  210 

chronometer  time. 

8  10  21.0 
27.9 

chronometer  fast. 

8  09  53.1 

4  46.3 
8  07  00.0 

8  11  46.3 
27.9 
8  11  18.4 

chronometer  fast. 

Local  mean  time  of  third  contact     .     . 

The  method  of  observing  the  fourth  contact  was  similar  to  that 
followed  in  observing  the  first  contact. 

Started  stop-watch  at 9  24  30.0  chronometer  time. 

Stopped        "  " 4  14.0 

9  28  44.0 

27.9  chronometer  fast 


Local  mean  time  of  fourth  contact    .     .    9  28  16.1 

The  time  of  the  last  contact  I  think  may  be  considerably  in  error, 
as  my  eye  was  fatigued  by  constant  observing,  which  was  begun  too 
early  to  ensure  a  result  entirely  satisfactory. 

There  was  little  time  to  make  observations  of  a  general  nature. 
I  did,  however,  notice  that  that  part  of   the   inner   corona   opposite 
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to  the  crescent  of  the  sun  was  distinctly  visible  for  several  seconds 
before  totality.  During  totality  Mercury  shone  brightly  and  Venus 
was  plainly  visible  a  few  degrees  above  the  eastern  horizon. 


Part  IV.     Report  of  Observations. 

By  DANA   p.    BARTLETT. 

Although  magnetic  observations  were  considered  in  the  early 
plans  for  the  eclipse  work,  it  was  not  anticipated  that  much  attention 
could  be  devoted  to  them,  as  it  was  not  certain  that  the  party  would 
be  large  enough  so  that  an  observer  could  be  spared.  It  was  decided, 
however,  to  include  magnetic  instruments  with  the  other  apparatus, 
and  to  give  to  them  whatever  attention  was  possible,  more  particularly 
also  with  the  idea  of  taking  up  this  work  if  the  weather  should  prove 
unfavorable  for  the  other  observations.  Previous  to  May  28  the  only 
magnetic  results  obtained  were  those  recorded  by  Mr.  Hosmer,  on 
page  170;  but,  after  all  our  preparations  were  completed,  it  was  found 
that  an  observer  could  be  spared,  and  the  writer  was  accordingly  de- 
tailed to  observe  whether  any  disturbance  in  declination  occurred 
during  the  progress  of  the  eclipse.  A  description  of  the  apparatus 
used,  and  its  location,  has  been  given  in  a  previous  portion  of  this 
report,  and  will  not  be  repeated  here. 

On  the  morning  of  the  eclipse,  the  magnetometer  was  set  up  and 
adjusted,  and  every  precaution  taken  to  protect  it  from  all  local  dis- 
turbance. Observations  were  begun  about  half  an  hour  before  the 
first  contact,  and  readings  were  recorded  at  intervals  until  an  hour 
after  ihe  last  contact,  but  except  during  the  interval  of  totality  the 
instrument  was  under  practically  continuous  observation  throughout 
the  entire  period.  Between  the  second  and  third  contacts  no  readings 
were  obtained,  as  the  scale,  not  being  artificially  illuminated,  could  not 
be  seen.  The  character  and  period  of  vibration  of  the  magnet,  how- 
ever, were  such  that  it  is  certain  that  no  disturbance  other  than  that 
indicated  by  the  immediately  preceding  and  succeeding  readings 
occurred  during  this  interval.  Each  recorded  reading  represents  the 
careful  observation  of  several  successive  vibrations  of  the  magnet. 
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Magnetometer  Observations. 

Station,  Washington,  Ga.     Date,  May  38,  1900.    Observer,  D.  P.  B. 


Watch  Time. 

SCALX  Rkading. 

Watch  Time. 

5c  A  LB   ] 

EIbadinc. 

Right. 

Left. 

Right. 

Left. 

h.      m 

7    22 

395 

40.7 

3d  contact. 

420 

42.7 

7    26 

39.6 

40.8 

8    55 

42.2 

42.8 

7    28 

39.2 

41.0 

9    10 

41.7 

43  0 

7    30 

398 

408 

9    25 

41.7 

42  4 

1st  contact. 

40.0 

407 

9    40 

420 

42  2 

8    00 

408 

41.0 

4th  contact. 

41.8 

42  9 

8    20 

410 

420 

10    15 

42.3 

42  8 

8    30 

41.3 

42  2 

10    30 

42.3 

43  4 

2d  contact. 

41.3 

42.8 

11    00 

42.1 

441 

Scale  reading  of  axis  of  magnet  s=  41.5. 
One  division  of  the  scale  =  1.7'  of  arc. 


Observations  for  Correction  of  the  Watch. 


Watch    .     .     . 

h.      m.        f. 

.     11     15    28.5 

^«                 MKa                      Mm 

11    17    28.5 

Chronometer,  Bond  528 

.     10    45    000 

10    47    00.0 

Differenre        

30    28.5 

30    2S.5 

Chronometer  correction 

—  27.9 

Watch  correction.    (Local  mean  time) 

—  30    56.4 

Reduced  Magnetometer  Observations. 

Local  Mean  Time.                     Scale  Reading. 

1 

Local  Mean  Time. 

Scale  Reading. 

WW  •              Wwwm 

6    51 

40.1 

3d  contact. 

42.4 

6    55 

40.2 

WW»                         ^^PB 

8    24 

42.5 

6    57 

401 

8    39 

42.4 

6    59 

403 

8    54 

42.0 

1st  contact. 

40.4 

9    09 

42.1 

7    29 

40.9 

• 

4th  contact. 

424 

7    49 

41.5 

9    44 

42.6 

7    59 

41.8 

9    59 

42.8 

2d  contact                             42  0 

10    29 

431 
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From  these  results  we  obtain  the  following  plot : 


•»«j 


««< 


> 

4 


_«« 


•  ^o 


M»»t*  Lmtat  T>m» 


I 


Fig.  12.  —  Curve  Showing  Changes  in  Declination  during  the  Time  of  Eclipse. 

An  inspection  of  this  figure  shows  at  once  that  a  disturbance 
in  declination  was  produced  by  the  oncoming  of  the  eclipse.  The 
effect  first  becomes  noticeable  from  twenty  to  thirty  minutes  after 
the  first  contact,  and  disappears  again  at  approximately  the  same 
time  before  the  last  contact.  The  maximum  rate  of  change  occurred 
between  the  second  and  third  contacts,  and  in  this  interval  the  decli- 
nation changed  four-tenths  of  a  scale  unit,  or  seven-tenths  of  a  minute 
of  arc. 

Declination    Computations. 
Circle  reading  during  obseryations  .     .     . 


Circle  reading  on  Meridian  mark 


B 

A 

208^ 

56'  20" 
56' 00" 

B 
A 

207° 

Mean  =» 

'  51'  00" 
50'4<y' 

208°  56^  10". 


Mean  =  207°  50/  50". 


Difference 

Scale  reading  of  magnet  axis 41.5 

Scale  reading  at  th,  l\m,  a.m 40.1 

Position  of  magnet  axis 1.4        = 

Declination  at  6^.  S\m.  A.M.,  local  mean  time  . 

Increase  in  scale  reading  at  lOA.  29m.  =  3.0 .  «» 

Declination  at  10^.  29m.  a.m.,  local  mean  time, 


1°    5'  20" 


2'  23" 


1°  V  43"  E. 
5' 06" 


1°  V  37"  E. 
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A  STUDY  OF  CERTAIN  SHADES  AND  GLOBES  FOR 
ELECTRIC  LIGHTS,  AS  USED  IN  INTERIOR  ILLU- 
MINA  TION 

By  WILLIAM   LINCOLN   SMITH,  S.B. 

Part  I. 

Received  July  12,  1900. 

A.     Preliminary  Remarks. 

« 

Two  features  which,  perhaps  more  than  all  others,  serve  to  distin- 
guish our  modern  artificial  sources  of  illumination  from  those  of  older 
date,  are,  first,  the  smallness  of  the  flame  or  light-giving  body,  and, 
second,  the  high  intrinsic  brilliancy  of  the  same. 

The  Welsbach  incandescent  mantle  and  the  Acetylene  flame  are 
examples  of  gas-using  apparatus,  and  the  electric  arc  and  incandescent 
filament  of  apparatus  perhaps  more  widely  used. 

On  account  of  these  distinguishing  features  of  modern  lights,  it 
becomes  imperative  to  use  in  connection  with  them,  for  purposes 
of  general  illumination  (omitting,  of  course,  such  special  purposes  as 
lighthouse  work,  various  kinds  of  signal  lights,  and  in  general,  all 
cases  where  a  concentrated,  brilliant  ray  is  desired),  some  form 
of  shade  or  enclosing  globe  which  shall  cut  down  the  intrinsic  bril- 
liancy, and,  if  possible,  concentrate  the  softened  light  in  those 
directions  or  upon  those  objects  where  illumination  is  particularly 
desired. 

AVhile  there  are  many  interesting  and  important  points  to  be  con- 
sidered in  connection  with  the  problem  of  satisfactory  illumination  of 
interiors,  it  is  not  proposed  to  do  more  than  touch  briefly  upon  them 
here,  the  reader  being  referred  to  the  various  published  works  upon 
the  subject^  and  to  a  series  of  articles  begun  about  the  first  of  May, 
1900,  by  Dr.  Louis  Bell,  in  the  Electrical  World,  published  in  New 
York. 

We  should  aim  emphatically  to  avoid  the  production  of  alternate 
spots  of   light  and  darkness,  such  as  are  frequently  noticed  when  a 
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naked  arc  is  used  over  a  street  well  shaded  with  trees,  since  the  strain 
put  upon  the  eye  by  constant  endeavor  to  adjust  for  the  varying 
conditions  is  very  severe.  On  the  other  hand,  we  must  sedulously 
avoid  the  production  of  absolutely  uniform  illumination  and  the  con- 
sequent total  suppression  of  all  shadows,  as  in  this  case  the  eye  will 
be  deprived  of  its  principal  guide  to  the  judging  of  distances  and  pro- 
portions  of  objects  with  a  resulting  strain  fully  as  severe  as  that  result- 
ing from  the  other  extreme.  We  get  an  illustration  of  this  on  those 
happily  rare  occasions  when  the  sun  is  high  in  the  heavens  but  the 
sky  is  veiled  by  a  very  thin  white  cloud,  which,  although  not  sufficient 
to  materially  diminish  the  brilliancy  of  the  light,  yet  causes  absolute 
diffusion  and  the  obliteration  of  all  shadow.  The  light  enters  the  eye 
in  unwonted  quantity  from  unwonted  directions,  and  the  exhausting 
nature  of  the  effect  produced  is  well  known. 

It  is  a  fortunate  fact  for  us  in  our  attempts  to  produce  satisfactory 
illuminations,  that  the  eye  does  not  depend  upon  the  absolute  illumi- 
nation of  bodies ;  but  that  the  absolute  illumination  of  a  landscape  or 
room  may  vary  within  very  wide  limits,  and,  provided  the  relative 
illumination  of  the  several  parts  remains  unchanged,  the  eye  will  still 
be  satisfied. 

Again,  it  is  a  fact,  though  apparently  unknown  to  many,  that  for 
the  majority  of  purposes,  a  well  distributed  moderate  illumination  is 
far  superior  for  results  obtained,  and  comfort  and  ease  of  the  eye, 
than  a  decidedly  brighter  and  more  concentrated  illumination.  The 
reason  is,  that  in  the  first  case  the  eye  is  able  to  work  with  a  larger 
aperture  and  the  muscles  in  a  more  easy  state,  while  in  the  second 
case  the  aperture  is  stopped  far  down  and  the  muscles  more  tense 
and  strained. 

Nevertheless,  the  average  person  is  more  prone  to  transgress  rules 
of  health  and  comfort  in  the  matter  of  illumination  than  in  many 
another  less  important  matter.  As  a  salesman  of  a  large  supply  house 
said  to  me  some  time  since  in  regard  to  a  certain  shade,  "  We  know 
perfectly  well  that  that  is  one  of  the  best  and  most  satisfactory  pat- 
terns we  handle,  but  you  can't  make  the  average  buyer  believe  it." 

The  average  person  is  not  satisfied  with  a  good,  soft,  well- 
distributed  illumination ;  he  wants  something  with  more  size  to  it, 
a  big  glare  for  his  money.  He  would  never  dream  of  allowing  direct 
sunlight  to  fall  upon  his  desk,  but  he  will  deliberately  hang  a  good- 
sized  incandescent  light  over  his  work,  about  a  foot  in  front  of  him 
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and  a  foot  above  his  head,  so  that  every  time  he  raises  his  eyes  they 
meet  that  bright  spot. 

Again,  he  will  work,  or  be  made  to  work,  at  a  desk  thus  lighted 
by  a  single  lamp,  a  green  paper  or  tin  shade  put  upon  it  to  concen- 
trate the  light  downward,  and  the  rest  of  the  room  in  consequent 
gloom,  so  that  every  time  he  looks  away  from  his  work  the  eye  passes 
from  light  to  shade,  and  back  again,  with  the  resulting  strain  upon  it, 
so  that  after  a  little  while  another  person  has  to  be  fitted  with  glasses. 

The  remedy  is,  of  course,  simple,  and  there  exists  no  excuse  for 
neglecting  it.  If  a  bright  light  is  needed  localized  upon  a  desk  or 
table,  this  should  be  superposed  upon  a  moderate  general  illumination 
of  the  room,  so  that  the  decided  contrast  of  light  and  shade  is  pre- 
vented. Or,  if  only  the  single  desk  light  is  to  be  burned,  it  should  be 
fitted  with  some  type  of  shade  which,  while  projecting  the  greater 
part  of  the  light  downward  upon  the  work,  will  still  allow  a  sufficient 
amount  to  escape  to  produce  a  mild  illumination  of  the  surroundings. 
In  any  case,  the  light  should  be  so  placed  as  to  be  out  of  the  field  of 
view  of  the  worker  under  all  ordinary  conditions. 

Some  years  ago,  before  the  introduction  of  modern  high  power 
sources  of  light,  the  position  and  arrangement  of  artificial  lights 
according  to  each  person's  pleasure  or  whim  made  little  difference. 
Fixtures  and  lamps  could  be  arranged  any  way  (subject  only  to  the 
requirements  of  combustion) ;  they  could  be  used  by  the  architect  or 
decorator  to  "dress  up  the  walls,"  and  for  other  purposes  wholly  aside 
from  their  sole  reason  for  being  —  /.  ^.,  supply  of  artificial  illumina- 
tion—  or,  as  was  still  more  often  the  case,  they  could  be  put  wherever 
the  gasfitter  found  it  most  convenient  to  punch  a  hole  in  the  wall. 
The  introduction  of  electric  lighting  made  the  state  of  affairs  still 
worse,  because  these  lamps  could  be  put  upside  down,  or  any  other 
way,  at  will. 

It  is  hardly  too  much  to  say  that  the  ordinary  person  does  not 
know  enough  to  properly  arrange  his  own  lights  —  the  average  wire- 
man  certainly  does  not  —  and  that  the  architect  and  interior  decora- 
tor too  frequently  will  not,  because  he  still  is  carried  away  with  the 
desire  to  use  fixtures  and  lights  for  decorative  purposes,  more  or  less 
in  defiance  of  scientific  considerations.  This  use  for  decoration  of 
.  interiors  is  legitimate  certainly,  provided  it  is  not  allowed  to  mask  the 
true  purpose  of  the  sources  of  light,  so  as  to  make  them  rather  sources 
of  torment  than  of  light  to  the  unfortunates  who  may  be  forced  to  sit 
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near  them,  and  who  have  mind  and  soul  distracted  from  their  proper 
occupations  for  the  time  being,  in  the  vain  attempt  to  avoid  dazzle  or 
glare  and  allow  the  eyes  to  take  in  surrounding  objects  in  peace  and 
comfort. . 

As  a  matter  of  fact,  the  source  of  light  ought  to  be  invisible,  or 
else  so  toned  down  as  to  be  unobtrusive,  and  its  presence  simply 
inferred  from  the  general  excellence  of  illumination  produced  by  it ; 
for  it  is  a  self-evident  fact  that  we  only  desire  to  see  the  light  source 
in  the  single  case  of  signal  lights y  and  in  all  other  cases  we  desire  to 
see  an  object  or  objects  by  the  aid  of  the  light-source^  for  which  purpose 
the  source  itself  should  be  outside  the  field  of  view. 

Since,  in  the  vast  majority  of  cases,  it  would  be  either  exceedingly 
inconvenient  or  expensive  to  hide  the  source  of  light  completely,  it 
has  become  customary  to  leave  it  exposed  (and  frequently  in  the  field 
of  view),  but  to  fit  it  with  a  shade  of  some  kind,  so  as  to  render  it 
more  unobtrusive  and  more  suitable  for  the  purpose  at  hand. 

Shades  may  be  classified  into  : 

1.  Those  which  aim  to  be  simply  ornamental,  and  which  being 
nothing  else,  will  not  be  considered  further. 

2.  Those  which  aim  to  cut  down  the  light  and  diffuse  it  more  or 
less. 

3.  Those  which  aim  not  to  diffuse  the  light,  but  simply  to  con- 
centrate it  in  certain  directions. 

4.  Those  which  aim  to  both  di£[use  the  light  and  also  to  dis- 
tribute it  in  certain  directions. 

There  is  an  enormously  large  number,  of  shades  upon  the  market, 
the  vast  majority  of  which  have  no  other  reason  for  being  than  to 
satisfy  the  whims  of  their  makers,  and  the  individual  idiosyncrasies  of 
the  hoped-for  purchaser.  How  whimsical  they  are,  and  how  little  the 
particular  pattern  of  any  one  has  to  recommend  it,  is  shown  by  the 
recognized  difficulty  of  replacing,  a  year  or  so  after  purchase,  any  one 
of  a  set  which  may  have  become  broken. 

A  small  minority  remain  on  the  market  through  a  number  of 
years,  because  they  have  become,  as  it  were,  standard  patterns,  and 
are  simple,  such  as  plain,  frosted,  and  opal  globes  of  various  tints. 

A  still  smaller  number  remain  because  they,  in  a  more  or  less 
satisfactory  manner,  do  the  work  for  which  they  were  designed,  and 
do  it  comparatively  well  and  fairly  efficiently,  one,  at  least,  remarkably 
efficiently. 


l8o  ^        William  Lincoln  Smith. 

The  following  series  of  tests  were  made  upon  a  number  of  the 
leading  types  of  shades  and  globes  for  electric  lights,  by  no  means 
exhaustive  of  available  styles,  but  still,  it  is  believed,  fairly  represen- 
tative, and  form  part  of  a  more  extended  study  of  illumination  which 
it  is  hoped  to  continue  the  present  winter. 

The  results  here  given  will  be  found  to  be  based  principally  upon 
Mean  Spherical  Candle-power.  I  am  well  aware  that  this  quantity 
has  been  made  too  much  of  in  the  past,  and  that  it  is  not  always  nor 
most  frequently  the  best  standard  of  comparison,  since  it  is  not  the 
quantity  with  which  we  are  most  frequently  and  directly  concerned. 
I  think,  however,  that  at  the  present  stage  of  the  investigation,  it  is 
the  best  standard  of  comparison,  and  almost  the  only  one  available  for 
the  purpose  in  hand.  At  a  later  stage,  others  will  present  themselves 
and  prove  to  be  more  convenient  and  satisfactory. 

B.     Types  of  Shades  Tested. 


I 


4 

5 
6 

7 
8 

9 

lO 

II 

12 

13 
14 
IS 


Holophane  Pendant,  one-piece  sphere,  Cat.  No.  3,550. 


2.  Holophane  Pendant,  one-piece  sphere.  Cat.  No.  3,551. 

3.  Holophane  Stalactite,  Class  A,  Cat.  No.  3,354. 
Holophane  Stalactite,  Class  B,  5^"  x  8",  Cat.  No.  3,250. 
Holophane  Stalactite,  Class  B,  4"  x  6",  Cat.  No.  3,150. 
The  same  style  Holophane,  but  with  old  style  of  cutting. 
Holophane  Upright  one-piece  sphere.  Cat.  No.  3,105. 
Holophane  Pendant  Tulip,  3^"  x  5 J",  Cat.  No.  2,251. 
Holophane  Pendant  Tulip,  4^"  x  5^",  Cat.  No.  2,250. 
gii  y^  2-1 "  Stalactite  Prism. 
9"  X  3^"  Canary  Stalactite. 
9"  X  3^"  Opaline  Stalactite. 
"M"  Prismatic  Tulip. 
7"  McCreary  Shade. 

6"   Ball    Pendant,   upper   hemisphere  opal  and   lower  hemi- 
sphere clear  glass,  with  a  many-rayed  star  cut  in  the  bottom  of    it. 

16.  A  E.G.  50  C.  P.  112  V.  spherical  bulb  coiled  filament  lamp. 
Coil  of  filament  in  centre  of  bulb,  and  basal  hemisphere  of  bulb  sil- 
vered on  the  outside. 

17.  Same  lamp,  with  silver  minor  removed. 

18.  8''  Deep  Tin  Cone,  white  enamel  inside. 

19.  6"  Deep  Cone,  fluted  porcelain. 


—  Canary  Stalactitb. 


Opaline  Stai.ai 
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20.  6"  Flat  Cone,  fluted  porcelain. 

21.  6"  Ground  Glass  Ball. 

22.  6"  Prismatic  Glass  Ball 

23.  6"  Opal  Ball. 

24.  6"  Opaline  Ball. 

Figure  i  is  a  group  of  these  shades  unilluminated. 

Figures  2  and  3  show  the  four  large  stalactites,  namely,  Numbers 
4,  10,  II,  and  12,  of  the  table,  as  they  appear  when  lighted  from 
within.  The  effect  of  the  shades  when  studied  together  with  the 
distribution  curves  is  very  evident.  The  Canary  Stalactite  simply 
cuts  the  light  down  slightly,  affecting  no  redistribution,  and  the  fila- 
ment remains  perfectly  and  unpleasantly  in  evidence.  The  Opaline 
Stalactite  does  not  reduce  the  light  so  much,  and  does  not  produce  so 
unpleasant  an  effect,  but  neither  does  it  redistribute.  The  effect  is 
to  produce  an  appearance  of  the  filament,  as  though  it  were  reflected 
in  a  rippling  surface  of  water.  The  Stalactite  Prism  is  comparatively 
ineffective,  and  there  appears  a  double  image  of  the  filament,  just 
distinguishable  in  the  cut,  but  very  prominent  in  the  actual  shade. 
The  Holophane,  however,  glows  all  over  uniformly,  and  there  is  almost 
complete  diffusion.  Moreover,  there  is  redistribution  downward, 
which  causes  the  lower  portion  to  appear  darker  when  viewed  from 
the  angle  at  which  the  camera  was  placed.  This  shade  ought  to  be 
fitted  to  a  32  C.  P.  light,  but  for  purposes  of  comparison  it  was  used 
with  the  same  lamp  as  the  others,  none  of  which  would  admit  of  using 
larger  than  a  16  C.  P. 

The  first  nine  shades  are  made  of  the  so-called  Holophane  glass, 
which  aims  at  both  diffusion  and  directive  action  on  the  rays  of  light 
given  off  by  the  enclosed  lamp.  It  accomplishes  its  results  by  two 
systems  of  cutting,  one  on  the  inner  and  the  other  on  the  outer  sur- 
face of  the  shade.  That  on  the  inner  is  a  system  of  ribs,  running 
vertically,  shown  in  cross-section  (section  on  a  .horizontal  plane)  in 
Figure  4. 

The  outside  system  of  cutting  consists  of  parallel  prisms,  one  above 
the  other,  covering  the  whole  outer  surface  of  the  shade.  Each  cir- 
cular prismatic  ring  has  its  angles  determined  by  its  position  on  the 
shade  and  the  deflecting  effect  desired  of  the  shade  as  a  whole.  Each 
prism  has  a  compound  surface,  one  part  acting  by  refraction  and  the 
other  by  total  reflection.  This  system  of  cutting  is  shown  in  Figure 
5,  which  is  a  section  on  a  vertical  plane.     The  inside  system  produces 
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difiFusion,  and  the  outside  system  produces  the  desired  deflecting  of 
the  various  rays,  the  shade  itself  being  made  of  clear  glass.  This  type 
of  shade  is  thoroughly  well  worked  out  on  accurate  lines,  is  very  effi- 
cient, and  produces  a  most  pleasing  illumination,  soft  and  powerful ; 
the  source  of  light  appears  to  be  a  large,  mildly  glowing  surface  of 
sparkling  points,  very  unobtrusive,  it  being  possible  to  see  readily  and 
comfortably  past  the  light.  The  shade  is  also  free  from  spectral 
bands  of  color,  which  occasionally  appear  with  some  other  types. 

Number  10  is  a  shade  which  might  by  some  be  mistaken  for  a 
Holophane,  but  its  interior  ribs  are  simply  V  slots,  and  its  outer 
prisms  totally  different.     It  is  not  at  all  in  the  same  class. 

Numbers  11  and  12  are  both  very  common,  the  first  being  a  long,., 
graceful  stalactite  of  a  canary-yellow  color,  and  the  second  similarly 
shaped,  of  a  pale  blue  opalescence,  with  spiral  flutings  running  about 
it  from  tip  to  base. 

Number  13  is  a  small,  bell-shaped  shade,  just  large  enough  to  take 
an  ordinary  16  candle-power  lamp.  The  upper  quarter  of  the  shade 
is  clear  glass  with  slight  markings  on  it ;  the  central  half  a  band 
with  very  fine  V-shaped  flutings  running  horizontally  in  circles  about 
the  outside,  and  vertically  upon  the  inside ;  while  the  lower  quarter  of 
the  shade  is  again  clear  glass. 

Number  14  is  a  well-known  type. 

Number  15  is  a  very  peculiar  pattern, — a  ball,  with  the  lower  half 
of  clear  glass  with  a  large  star-shaped  figure  cut  in  it,  the  centre  of 
the  figure  being  at  what  might  be  called  the  south  pole  of  the  ball, 
and  producing  upon  the  surface  of  table  or  floor  below,  curiously 
unpleasant  striations  of  light  and  shade.  The  upper  half,  containing 
the  hole  and  flange  for  holding  the  lamp  and  socket,  is  a  thick,  milk- 
white  opal. 

The  remainder  of  the  shades  are  all  common  types,  and  require  no 
description. 

C.     Method  of  Testing. 

Three  lamps  were  chosen,  all  general  electric,  rated  at  112  volts,, 
and  respectively  16,  32,  and  50  candle-power.  These  lamps  were 
carefully  tested  unshaded,  and  then  fitted  with  the  various  shades  as 
desired.  Four  of  the  shades,  however,  as  noted  further  on,  were 
tested  upon  a  Bryan  and  Marsh  lamp,  as  the  16  C.  P.  G.  E.  was 
unfortunately  broken.     Measurements    were    made    upon    a    2C)0-inch 
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photometer  bar  very  thoroughly  screened,  and  all  stray  light  was  thus 
eliminated.  Of  course,  we  must  realize  that  when  the  shaded  lamps 
are  upon  the  photometer  the  source  of  light  is  no  longer  a  point,  or 
even  approximately  one,  and  hence  the  law  of  inverse  squares  is  no 
longer  strictly  true. 

The  plan  of  wiring  of  the  apparatus  is  shown  in  Figure  6,  and  is 
evident  from  the  drawing.     The  circuit  passed  from  the  main  switch 
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Fig.  6. 


through  a  variable  carbon  resistance,  Rh'',  to  one  end  of  a  storage 
battery  B,  arranged  for  either  positive  or  negative  boost,  and  from  the 
battery  through  a  pair  of  selecting  switches  to  two  more  carbon  resist- 
ances, Rh  and  Rh',  the  circuit  from  one  of  these  going  to  one  end  of 
the  bar,  the  circuit  from  the  other,  to  the  opposite  end.  At  the  right- 
hand  end  of  the  bar  was  the  holder  for  the  incandescent  lamp,  serving 
as  the  secondary  standard,  and  at  the  left  end  of  the  bar  two  separate 
holders,  one  controlled  by  hand  for  setting  the  lamp  under  test  at  any 
desired  angle  of  latitude  and  longitude,  the  other  rotated  by  a  motor 
for  the  making  of  spinning  measurements.  Loops  were  left  for  the 
insertion  of  ammeters,  and  voltmeter  leads  were  brought  from  the 
lamp  terminals^  the  mains,  and  the  differential  point  between  the  two 
lamps.  All  wiring  was  done  with  No.  oo  wire  between  the  lamps,  so 
that  the  drop,  except  in  the  carbon  resistances,  was  negligibly  small, 
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and  would  still  remain  so  when  the  circuits  were  carrying  current  for 
good-sized  series  lamps. 

Suppose,  then,  that  it  was  desired  to  test  a  120-volt  lamp  using  a 
104- volt  standard.  We  would  connect  the  no- volt  mains  to  the 
apparatus,  and  by  means  of  the  selector  switches  and  storage  battery, 
bring  the  pressure  at  the  terminals  of  the  I2ovolt  lamp  to  approxi- 
mately that  amount.  Then,  by  means  of  the  carbon  resistances  in 
series  with  the  two  lamps,  adjust  the  pressure  of  one  to  exactly  120, 
and  of  the  other  to  exactly  104. 

The  voltmeter  could  now  be  put  across  the  mains,  and  if  the  pres- 
sure rose  or  fell  above  no,  thus  raising  or  lowering  the  pressure  at 
the  two  lamps  proportionately,  it  could  be  brought  back,  if  desired,  by 
the  carbon  resistance,  Rh",  first  mentioned  as  inserted  in  the  main 
before  it  reached  the  point  of  branching  to  the  two  lamps. 

It  is,  however,  unnecessary  that  this  pressure  at  the  mains  should 
remain  absolutely  fixed,  since  it  is  well  known  that  so  long  as  the  two 
lamps  remain  at  the  proper  relative  pressures,  the  absolute  pressure 
may  vary  within  moderate  limits  without  affecting  the  ratio  of  the  tw:o 
lights,  provided  the  lamps  are  of  approximately  the  same  efficiency. 
The  correctness  of  the  relative  pressures  could  be  checked  at  any  time 
by  simply  putting  the  voltmeter  across  the  differential  points  between 
the  two  lamps,  when  it  should  measure  (in  this  supposed  case)  1 20  — 
104=  16  volts,  and  in  case  it  did  not,  the  lamp  which  had  changed 
could  be  detected  and  the  change  corrected. 

The  lamp  to  be  tested  was  then  placed  in  the  hand-controlled 
holder,  and  the  candle-power  measured  for  every  30  degrees  around 
the  equator  of  the  lamp.  The  candle-power  was  then  measured  for 
every  30  degrees  on  four  meridians  of  the  lamp,  namely,  those  on 
longitude  0°,  45°,  90°,  and  135°,  thus  allowing  of  the  plotting  of 
curves  of  horizontal  distribution  and  four  equally  spaced  curves 
of  vertical  distributions.  These  curves  give  to  the  eye  a  very  good 
idea  of  the  distribution  of  light  from  the  lamp.  It  would  be  simple 
to  calculate  from  them  the  quantity  called  the  Mean  Spherical  Candle- 
power,  which  is  used  in  comparing  the  various  tests,  and  which  may 
be  defined  as  the  "  sum  of  the  illuminations  received  by  a  sphere  of 
radius  unity  concentric  with  the  light-source,  divided  by  the  surface 
of  this  sphere."  I  preferred  to  determine  it,  however,  by  a  separate 
test,  as  follows :  The  lamp  was  placed  in  the  spinning  apparatus,  and 
readings  taken  every  1 5  degrees  from  tip  to  base,  thus  giving  thirteen 
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•  equally  spaced  readings  of  mean  candle-power  at  the  several  angles, 
.and  enabling  a  curve  of  distribution  to  be  plotted,  as  in  Figure  7, 
which  is  the  curve  for  the  Canary  Stalactite.  If,  then,  we  measure 
the  area  of  the  right-hand  curve  of  Figure  7,  and  also  that  of  the 
enclosing  rectangle ;  take  the  ratio  of  these  and  multiply  the  maximum 
ordinate  by  this  ratio ;  the  result  will  be  the  Mean  Spherical  Candle- 
power  desired.' 


D.     Standards  of  Light  Used. 

The  primary  standard  used  was  a  Hefner-Alteneck  lamp,  burning 
acetate  of  amyl,  made  by  Kruss,  numbered  796,  and  bearing  the 
Reichsanstalt  certificate  No.  430.  This  is  usually  assumed  to  be 
equivalent,  under  proper  working  conditions,  to  .885  standard  candles. 
I  compared  it  against  twelve  standard  candles,  using  a  looinch  bar 
and  a  Lummer  Brodhun  screen,  and  obtained  a  mean  value  of  .869 
candles. 

The  secondary  standard  which  was  used  throughout  the  tests  was 
a  special  aged  incandescent  lamp  run  at  1 12  volts,  and  giving  in  the 
marked  direction,  as  compared  with  the  Hefner  lamp,  a  value  of  10.57 
candle-power,  this  value  being  the  mean  of  twelve  tests. 


'  Palai,  A.    Treatise  a 
York,  1S96. 


Induilrial   Photometiy.    Tnni.   \tj  Patterson.    Ed.  2.    New 


Study  of  Certain  Shades  and  Globes  for  Electric  Lights,     187 

These  tests  were  made  at  about  equal  intervals  throughout  the 
course  of  the  work  and  the  mean  value  used  in  the  calculations. 

Voltage  was  measured  on  a  Weston  voltmeter,  No.  4,9151  which 
has  been  carefully  kept  and  calibrated  frequently;  its  error  at  112 
volts  (the  voltage  used  in  all  this  work)  was  -|-  0.14  volts. 

Curreut  was  measured  on  two  Weston  ammeters,  No.  1,856, 
reading  to  i.o  ampere  and  with  negligible  error,  the  other.  No.  384, 
reading  to  5.0  amperes  and  having  a  zero  error  of  +  .05  ampere. 

In  the  calibration  of  the  secondary  standard  a  Lummer-Brodhun 
screen  was  used,  but  throughout  the  rest  of  the  work  a  Bunsen  disc, 
which  had  in  previous  work  proved  very  satisfactory,  was  made  use 
of,  as  it  was  far  more  convenient  and  satisfactory  for  my  purpose. 

E.     Sample  of  Tests. 

The  following  six  tables  form  the  complete  record  of  readings 
taken  for  one  test,  namely,  the  first  made  upon  the  Canary  Stalactite, 
the  plot  of  mean  spherical  candle-power  for  which  (the  data  for  this 
plot  being  found  in  table  7f  following)  has  already  been  referred  to  in 
Figure  7.  Three  tests,  similar  to  the  one  given  here,  were  made  upon 
each  shade,  and  the  final  results  given  are  invariably  the  mean  of  these 
three,  except  in  the  one  case  of  the  A.  E.  G.  spherical  bulb  lamp,  where 
the  silver  minor  was  taken  off  before  I  had  an  opportunity  to  make 
check  tests.  In  this  case,  also,  the  tests  given  were  made  as  part  of 
the  regular  laboratory  work  by  two  students,  who  were,  however,  very 
careful  workers.  The  test  on  this  lamp  made  after  removal  of  the 
silver  I  was  able  to  check,  and  found  no  serious  discrepancies.  All 
the  other  tests  here  recorded  were  made  by  myself,  although  in 
several  cases  the  lamp  or  shade  was  further  tested  by  students,  and 
checking  results  obtained ;  these,  however,  are  not  given. 
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Photometric  Test  No.  ja. 

Date  of  test,  May  23,  1900. 

Type  of  lamp,  G.E.,  112  v.  16  C.  P.  (marked  Test  lamp  No.  2,  1900  W.  L.  S.). 

Type  of  shade,  9''  x  3^'',  Canary  Stalactite. 

Instruments  used,  Weston  Voltmeter,  No.  4,915,  error  =  4-0.14.  Weston  Ammeter, 
No.  1,856;  error  negligible.     Bunsen  Disc  A. 

Standards  of  light  used :  Primary,  Hefner  Lamp,  No.  796 ;  Certificate  No.  430.  Sec- 
ondary, Aged  Incandescent  Lamp,  calibrated  as  10.57  candle-power. 
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Photometric  Test  No.  ^h, 

Date  of  test,  May  23,  1900. 

Type  of  lamp,  G.  E.,  112  v.  16  C.  P.  (marked  Test  lamp  No.  2,  1900  W.  L.  S.). 

Type  of  shade,  9"  x  3J",  Canary  Stalactite. 

Instruments  used,  Weston  Voltmeter,  No.  4,915,  error^4-0'i4-  Weston  Ammeter, 
No.  1,856;  error  negligible.     Bunsen  Disc  A. 

Standards  of  light  used:  Primary,  Hefner  Lamp,  No.  796,  Certificate  No.  430.  Sec- 
ondary, Aged  Incandescent  Lamp,  calibrated  as  10.57  candle-power. 
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Photometric  Test  No.  yc. 

Date  of  test,  May  23,  190x3. 

Type  of  lamp,  G.  £.,  112  v.  16  C.  P.  (marked  Test  lamp  No.  2, 1900  W.  L.  S.). 

Type  of  shade,  <^'  x  3J'/,  Canary  Stalactite. 

Instruments  used,  Weston  Voltmeter,  No.  4,915,  error  =  -f"  o-'4-  Weston  Ammeter, 
No.  i»856,  error  negligible.    Bunsen  Disc  A. 

Standards  of  light  used:  Primary,  Hefner  Lamp,  No.  796,  Certificate  No.  430.  Sec- 
ondary, Aged  Incandescent  Lamp,  calibrated  as  10.57  candle-power. 
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120P 

.465 

.467 

.463 

.465 

.465 

4.92 

112.0 

.497 

150* 

.905 

.910 

.904 

.906 

.906 

9.58 

112.0 

.496 

180P 

1.030 

1.035 

1.035 

1.030 

1.032 

1091 

112.0 

.495 

2W 

.880 

.884 

.885 

.884 

.883 

9.34 

112.0 

.496 

240° 
270° 
300° 

.600 

.605 

.605 

.605 

.604 

6.39 

1120 

.496 

•  •  •  • 

.600 

■  •  ■  • 
.605 

•  •  •  • 
.610 

•  •  •  ■ 
.611 

•  •  •  • 

.607 

•  ■  •  • 

6.42 

•  •  •  • 

112.0 

•  •  ■  • 

.494 

330^ 

.885 

.889 

.892 

.884 

.887 

9.38 

112.0 

.497 

0° 

1.035 

1.031 

1.030 

1.029 

1.031 

10.90 

112.0 

.496 
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Photometric  Test  No.  ^d, 

Date  of  test.  May  23,  1900. 

Type  of  lamp,  G.  E.,  112  v.  16  C.  P.  (marked  Test  lamp  No.  2,  1900  W.  L.  S.). 

Type  of  shade,  9"  x  3 J",  Canary  Stalactite. 

Instruments  used,  Weston  Voltmeter,  No.  4,915,  error  =  +  0.14.  Weston  Ammeter, 
l>fo.  1,856,  error  negligible.    Bunsen  Disc  A. 

Standards  of  light  used:  Primary,  Hefner  Lamp,  No.  796,  Certificate  No.  430.  Sec- 
ondary, Aged  Incandescent  Lamp,  calibrated  as  10.57  candle*  power. 


DISTRIBUTION 

IN  VERTICAL  PLANE  THROUGH  90°  LONG. 

Angles. 

Obsbrvbd  Ratios. 

• 

0 

1 

B 
•I 

• 

1 

V 

1 

9 
• 

I 

i  • 

1. 

2. 

3. 

4. 
1.030 

1 

< 

Cf 

1.035 

1.037 

1.035 

1.034 

10.94 

112.0 

.496 

30^ 

.905 

.908 

.908 

.905 

.906 

9.58 

112.0 

.497   . 

60° 

.485 

.495 

.495 

.498 

.493 

5.22 

112.0 

.4% 

90^ 

.208 

.207 

.206 

.207 

.207 

2.19 

112.0 

.496 

120° 

.475 

.480 

.475 

.485 

.479 

5.06 

112.0 

.495 

150P 

.905 

.900 

.905 

.899 

.902 

9.54 

112.0 

.495 

180° 

1.025 

1.025 

1.024 

1.026 

L02S 

10.84 

112.0 

.496 

210* 

.865 

.875 

.875 

.875 

.873 

9.23 

112.0 

.496 

240P 

.531 

.530 

.532 

.526 

.529 

5.59 

112.0 

.495 

270° 

•  •  •  • 

■  •  •  • 

•  •  •  • 

■  •  •  ■ 

•  •  ■  • 

•  •  •  • 

•  ■  •  ■ 

...  a 

300° 

.525 

.530 

.525 

.529 

.527 

5.57 

112,0 

.496 

330° 

.875 

.880 

.880 

.878 

.878 

9.28 

112.0 

.497 

0° 

1.030 

1.035 

1.035 

1.034 

1.033 

10.92 

112.0 

.497 
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Photometric  Test  No.  ye. 

Date  of  test,  May  23,  1900. 

Type  of  lamp,  G.  E.,  112  v.  16  C.  P.  (marked  Test  lamp  No.  2,  1900' W.  L.  S.). 

Type  of  shade,  9"  x  3J",  Canary  Stalactite. 

Instruments  used,  Weston  Voltmeter,  No.  4,915,  error  = -|-  0.14.  Weston  Ammeter, 
No.  1,856,  error  negligible.     Bunsen  Disc  A. 

Standards  of  light  used:  Primary,  Hefner  Lamp,  No.  796,  Certificate  No.  430.  Sec- 
ondary, Aged  Incandescent  Lamp,  calibrated  as  10.57  candle-power. 


DISTRIBUTION 

IN  VERTICAL  PLANE  THROUGH   135^  ] 

LONG. 

Angles. 

Obskkvbd  Ratios. 

Mean  ratio. 

{ 

B 

c3 

• 

■ 

1 

> 

I. 

a. 

3- 

4- 

e 

•< 

0° 

1.024 

1.026 

1.025 

1.030 

1.026 

10.85 

112.0 

.  .495 

30° 

.907 

.905 

.910 

.907 

.907 

9.59 

112.0 

.495 

60° 

.465 

.465 

.470 

.462 

.466 

4.93 

112.0 

.497 

90° 

.206 

.207 

.208 

.207 

.207 

2.19 

112.0 

.496 

120^ 

.464 

.461 

.462 

.458 

.461 

4.87 

112.0 

.496 

150° 

.910 

.911 

.902 

.900 

.906 

958 

112.0 

.497 

180° 

1.030 

1.027 

1.027 

1.020 

1.026 

10.85 

112.0 

.496 

210° 

.885 

.884 

.880 

.879 

.882 

933 

112.0 

.497 

240° 

.610 

.605 

.610 

.608 

.608 

6.43 

11^0 

.496 

270P 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

300° 

.607 

.605 

.605 

.610 

.607 

6.42 

112.0 

.495 

330° 

.882 

.880 

.879 

.886 

.802 

8.48 

112.0 

.496 

0° 

1030 

1027 

1.027 

1025 

1.027 

10.86 

112.0 

.496 
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Photometric  Test  No.  7/. 

Date  of  Test,  May  23,  1900. 

Type  of  lamp,  G.  E.,  112  v.  16  C.  P.  (marked  Test  lamp  No.  2,  1900  W.  L.  S.). 

Type  of  shade,  9^'  x  3 J'',  Canary  Stalactite. 

Instruments  used,  Weston  Voltmeter,  No.  4,915,  error  ==  +  0,14.  Weston  Ammeter, 
No.  1,856,  error  negligible.     Bunsen  Disc  A. 

Standards  of  light  used :  Primary,  Hefner  Lamp,  No.  796,  Certificate,  No.  430.  Sec- 
ondary, Aged  Incandescent  Lamp,  calibrated  as  10.57  candle-power. 


MEAN  VERTICAL  DISTRIBUTION. 

Obskrvbd  Ratios. 

Mean  ratio. 

• 

« 

Angles. 

I. 

2. 

3. 

4- 

I 

0° 

.207 

.207 

.207 

.207 

.207 

2.19 

15° 

.235 

.236 

.236 

.236 

.236 

2.50 

30» 

.463 

.462 

.464 

.463 

.463 

4.90 

45° 

.732 

.730 

.733 

.733 

.732 

7.75 

60° 

.905 

.906 

.906 

.906 

.906 

9.59 

75° 

.998 

LOOO 

.999 

.995 

.998 

10.55 

90° 

1.027 

1.027 

1.030 

1.028 

1.028 

10.87 

105° 

.993 

.993 

.993 

.993 

.993 

10.50 

120^ 

.874 

.875 

.874 

.873 

.874 

9.25 

135° 

.752 

.753 

.752 

.753 

.752 

7.95 

150P 

.600 

.601 

.600 

003 

.601 

6.36 

165° 

.426 

.426 

.426 

.423 

.425 

4.50 

180° 

•  •  • . 

•  •  •  • 

•  •  •  • 

•  •  •  • 

•  •  •  • 

0.0 

This  table  ia  for  plot  used  in  determining  the  Mean  Spherical  Candle-power.     o<^  means  the  tip  of  the  shade, 
and  180^  means  the  biise.     The  resulting  curve  is  that  previously  given  in  Figure  7. 


F.     Results  of  Tests. 


The  following  table  gives  the  results  obtained  from  the  different 
shades,  and  is  self-explanatory.  The  numbers  in  the  upper  row  refer 
to  the  number  of  the  shade  in  the  list  previously  given,  — those  iii  the 
bottom  row  to  the  plate  on  which  the  distribution  plots  will  be  found. 
The  standard  position  of  the  lamp  was  with  the  plane  of  the  shanks 
of  the  filament  at  right  angles  to  the  photometer  bar,  the  side  of  the 
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19^  William  Lincoln  Smith, 

lamp  chosen  being  marked  with  a  cross,  and  the  "mean  standard 
reading"  is  the  mean  of  all  readings  made  when  the  lamp  under  test 
occupied  the  above  position.  Accordingly,  in  each  test,  the  lamp 
within  the  shade  occupied  the  same  position  at  each  angular  setting 
that  it  did  in  the  test  of  the  naked  lamp,  so  that  in  this  regard  the 
plots  are  directly  comparable.  It  was  found,  however,  impossible  to 
plot  them  all  on  one  scale,  and  accordingly  the  value  of  the  candle- 
power  at  the  tip  of  lamp  or  shade  is  recorded  on  each  plot,  i.e.^  at  the 
90°  point,  in  all  cases  except  that  of  No.  7  (the  Upright  Holophane 
Sphere),  where  the  position  is  reversed  and  the  tip  of  the  lamp  occurs 
at  270°. 

The  only  plates  to  which  further  reference  is  necessary  are  as 
follows  : 

Plate  I.  This  shows  the  curves  obtained  from  the  G.  E.  112  v. 
16  C.  P.  Test  Lamp  used  with  the  majority  of  shades.  The  two  tests 
given  were  made  one  before  and  the  other  after  the  work,  and  no 
change  in  the  lamp  was  found.  Since  all  the  otner  test  lamps  have 
practically  the  same  shaped  curves,  it  has  not  been  thought  worth 
while  to  plot  them. 

Plate  III  contains  not  only  the  curve  obtained  with  the  32  C.  P. 
lamp,  but  also  on  the  same  scale  the  plots  for  the  same  shade  with 
a   16  C.  P.  lamp. 

Plate  XII  gives  both  curves  for  the  A.  E.  G.  lamp,  the  broken  line 
curves  being  taken  with  the  silvering  in  place  and  the  solid  curves 
with  it  removed.     These,  again,  are  on  the  same  scale. 
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PuiTZ  I.— Curves  from  G.  £.  ttz  v.  16  C.  P.  Test  Lamp,  without  Skadx. 
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Plate  III. — Shade,  Holopkane  3,354. 
OuTXR  Curve  obtained  with  yi  C.  P.  Lauf,  inner  Curve  with  16  C.  P.  Lamp. 
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Plate  V. 


202 


William  Lincoln  Smith, 


v«MiHi  «> — 4J! 


Plate  VI. 
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Plate  IX. 
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Plate  XII.  —  Spherical   Bulb,  Broken  Line,   Curve  with  Silverinq 
IN  Place;  Solid  Line,  with  Silvering  Removed. 
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William  Lincoln  Smiih. 


Platb  xvrii. 


Study  of  Certain  Shades  and  Glebes  for  Electric  Lights.     215 


PlaTk  XIX. 


William  Lincoln  Smith. 


Study  of  Certain  Shades  and  Globes  for  Electric  Lights,     217 


taaaMia** 


IhlMV 


■«»IM  ft.M    IIP.,  t4g> 


JA&O. 


Jj6£A. 


iftfta 


.BAfi 


10.71 


J1A£ 


JIAA 


.8^ &fi& 

ao-r 


^a^ 


JQL 


iiao 


wSQI 


-LAa. 


JkiuQ. 


J)L 


iiao 


.^fti. 


»*  JUMI  7,  laoQ 


f-     lay 


Plate  XXL 


William  Lincoln  Smith. 


Platk  XXII. 


Study  of  Certain  Shades  and  Globes  for  Electric  Lights.     219 
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The  absorption  factors  range  from  a  minimum  of  lo  per  cent  to 
a  maximum  of  33.5  per  cent.,  in  the  cases  of  the  large  Holophane 
Stalactite  (using  the  50  candle-power  lamp)  and  the  McCreary  Shade, 
respectively.  The  watts  per  mean  spherical  candle-power  vary  from 
a  minimum  of  5.22  to  a  maximum  of  7.41  in  the  cases  of  the  Prismatic 
Glass  Ball  and  the  McCreary  Shade  respectively. 

The  watts  per  maximum  candle-power  vary  from  a  minimum  of 
1.30  to  a  maximum  of  5.64  in  the  cases  of  the  McCreary  Shade  and 
the  Stalactite  Prism  respectively. 

It  is,  however,  manifestly  unfair  to  make  a  direct  comparison 
between  a  shade  which,  like  the  silvered  minor  A.  E.  G.  lamp,  aims 
simply  to  concentrate  the  light  downward  without  diffusion,  and  one 
which,  like  the  Opal  Ball,  aims  simply  to  diffuse  the  light  without 
changing  its  distribution  materially ;  while,  again,  both  these  types 
should  be  separated  from  such  shades  as  the  Holophanes,  which  aim 
not  only  at  redistribution,  but  at  diffusion,  and,  moreover,  at  such 
thorough  softening  of  the  light  as  to  render  it  possible  to  see  objects 
comfortably,  even  when  the  light  is  directly  in  the  field  of  view  (as  is 
perfectly  possible  with  a  12-inch  sphere  containing  a  100  candle-power 
light).  Indeed,  in  one  place  recently  fitted  with  these  shades,  there 
was  a  i6.inch  sphere  containing  a  150  candle-power  lamp  surrounded 
by  a  circle  of  eight  8-inch  spheres,  each  containing  a  32  candle-power 
lamp,  giving  a  maximum  of  360  candle-power,  allowing  for  absorption, 
concentrated  in  a  space  of  about  fifty  square  feet,  and  the  lights  nearly 
in  the  same  plane.  It  was  here  found  perfectly  possible  to  view  with 
comfort  the  detail  of  ornament  directly  behind  this  cluster. 

The  Holophanes,  therefore,  set  themselves  a  more  difficult  problem 
than  the  great  majority  of  shades  tested,  and  one  would  hardly  expect 
as  great  efficiency  from  them  as  from  a  pattern  aiming  at  a  less 
exalted  mark.     This,  however,  turns  out  contrary  to  expectation. 

Another  point  to  be  considered  is  brought  out  by  these  tests  as 
follows :  If  we  take  the  Holophane,  Class  A,  No.  3,354,  and  test  it 
with  a  32  candle  lamp,  we  shall  have  an  absorption  of  14.6  per  cent, 
while,  if  we  test  it  with  a  16  candle  lamp  we  get  an  absorption  of 
12.2  per  cent.  Again,  take  the  larger  stalactite,  No.  3,250.  Testing 
with  a  16  candle  lamp  at  112  volts,  we  find  an  absorption  of  16.2  per 
cent.  If  we  use  this  same  lamp,  and  run  it  at  140  volts,  thus  getting 
a  candle-power  of  (as  it  turned  out)  37,  we  find  the  absorption  has 
risen  to   17.5  per  cent,  the  distribution  not   being  greatly  changed 
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This,  I  think,  is  because  of  the  higher  refrangibility  of  the  rays  given 
out.  But  if  we  get  this  same  candle-power  by  using  a  larger  lamp, 
as  is  shown  in  column  4  a  of  the  table,  we  get  an  absorption  of  but 
10  per  cent.  Accordingly,  as  I  have  found  this  rule  to  hold  in  other 
cases  as  well  as  those  here  mentioned,  it  seems  clear  that  for  each 
size  of  Holophane  shade  there  is  a  particular  sized  lamp  which  will 
turn  out  to  be  best  suited  to  that  shade. 

If,  then,  we  tabulate  the  tests  upon  the  Holophane  type  of  shades, 
we  shall  have  the  following  table,  giving  as  a  mean  percentage  of 
absorption  13.2  per  cent.  : 


Number  of  shade. 

Per  cent,  absorption. 

Effi.  in  tenns  of  watU 
per  mean  sph.  c.  p. 

1 

3,551. 

138% 

86.3 

2 

3,354  (16  candle-power.) 

12.2% 

89.3 

3 

3,354  (32  candle-power.) 

14.6% 

85.6 

4 

3,250  (16  candle  power.) 

16.1% 

84.1 

5 

3,250  (same  lamp,  run  30  volts  high.) 

17.5% 

77.0 

6 

3,250  (50  candle-power.) 

10.0% 

90.2 

7 

3,150  (old  style.) 

168% 

83.4 

8 

3,150  (new  style.) 

10.8% 

89.4 

9 

3,105. 

12.1% 

87.8 

10 

2,250. 

10.8% 

89.4 

11 

2,251. 

10.1% 

89.3 

The  above  value,  however,  includes  two  items  which  could  be 
with  perfect  justice  discarded,  namely,  Nos.  5  and  7,  the  former 
because  no  one  would  ever  dream  of  running  a  lamp  30  volts  high, 
and  the  latter  because  it  represents  an  obsolete  form  which  was 
tested  only  as  a  matter  of  historical  interest.  Discarding,  then,  these 
two  values,  the  mean  result  remaining  is  12.3  per  cent.  This,  again, 
might  with  good  show  of  reason  be  reduced  by  further  omitting  Nos. 
3  and  4,  since,  as  we  have  seen,  if  this  type  of  shade  is  used  under 
strictly  the  best  conditions,  the  size  of  shade  and  lamp  will  be  mutually 
adjusted.  If  this  modification  be  made,  we  reach  a  final  value  of  11. 4 
per  cent,  as  the  absorption.     As,  however,  it  is  not  probable  that  in 
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many  cases  such  an  amount  of  care  would  be  used,  we  will  take  both 
values  into  consideration.  We  shall  find  that,  except  for  the  satisfac- 
tion of  bein^  able  to  claim  an  additional  0.9  per  cent,  for  this  type  of 
shade,  nothing  is  altered.  The  only  shade  which  appears  with  a  less 
absorption  factor  is  the  **m"  Prismatic  Tulip,  with  a  value  of  10.  i 
per  cent.  The  two  fluted  Porcelain  Cones  are  the  only  shades  which 
approach  the  above  values,  having  one  an  absorption  of  12.4  per  cent., 
and  the  other  an  absorption  of  12.8  per  cent.  These,  however,  are 
both  simply  reflectors,  and  make  no  claim  to  diffusion  or  softening  of 
glare,  while  the  "  m  "  Prismatic  Tulip  is  also  in  no  sense  a  substitute 
for  the  Holophane,  and  is  hardly  more  than  a  clear  glass  shade  with 
ornamental  cutting.  Aside  from  these  three,  no  other  shade  comes 
within  10  per  cent,  of  the  Holophanes,  the  nearest  approach  being  that 
of  the  Prismatic  Ball,  with  a  value  of  20.7  per  cent.  The  McCreary 
shade  stands  at  the  other  end  of  the  list,  its  absorption  being  33.5  per 
cent. ;  it  has  close  competitors,  however,  in  the  Stalactite  Prism,  the 
Opal  Ball,  and  the  Tin  Cone,  with  absorptions  of  30.8  per  cent.,  32.2 
per  cent,  and  28.1   per  cent,  respectively. 

We  may  compare  efficiencies  in  the  line  of  watts  per  mean  spheri- 
cal candle-power,  but  since  the  various  test  lamps  used  do  not  have 
the  same  values  for  this  quantity,  we  cannot  compare  the  shades 
directly.     We  may,  however,  determine  for  each  shade  the  value  of 

Watts  per  mean  spherical  candle  power  (unshaded  lamp) 
Watts  per  mean  spherical  candle  power  (shaded  lamp) 

when  the  most  efficient  shade  will,  of  course,  be  that  in  which  this 
quantity  most  nearly  approaches  unity. 

Applying  this  criterion,  and  figuring  the  Holophanes  as  before,  we 
get  values  ^6.6  per  cent,  87.9  per  cent.,  and  88.8  per  cent,  respec- 
tively. Again,  agreeing  that  the  first  value  is  not  properly  to  be  used, 
we  find  that  it  makes  no  difference  which  of  the  other  two  we  see  fit 
to  use,  which,  of  course,  is  to  be  expected,  as  this  is  only  another  way 
of  expressing  the  former  results.  The  **m"  Prismatic  Tulip  has  a 
value  of  89.3,  and  the  two  Porcelain  Cones  of  Sy,^  per  cent,  and  87.0 
per  (ient.  respectively. 

If  we  consider  further  the  watts  per  maximum  candle-power 
thrown  in  any  direction,  we  find,  of  course,  that  the  pure  reflectors 
take  first  rank.  The  McCreary  shade  leads  on  the  face  of  things, 
followed  rather  closely  by  the  A.  E.  G.  silvered  lamp,  and  at  a  some- 
what greater  distance  by  the  Enamel  Tin  Cone.     I  question,  however, 
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whether  this  is  correct,  since  the  A.  E.  G.  lamp  was  not  really  new,  but 
had  been  burned,  off  and  on,  for  some  time,  probably  for  a  hundred  or 
more  hours,  so  that,  although  it  furnished  legitimate  data  for  deter- 
mining the  effect  of  silvering  a  naked  lamp  of  the  same  type,  it  is  not 
probably  correct  to  compare  it  with  the  other  shades  fitted  with  newer 
and  more  carefully  kept  lamps. 

Thus  far,  nothing  has  been  said  upon  the  very  important  subject 
of  illumination  produced  upon  surfaces  such  as  the  floor,  drawing- 
tables,  etc.,  or  of  the  general  distribution  of  light  throughout  the 
room.  Neither  has  the  quality  of  the  illumination,  nor  its  effect  upon 
the  worker  or  occupant  of  the  room  been  considered.  These  matters 
are  reserved  for  further  investigation,  and  it  is  hoped  will  form  a 
second  part  of  the  present  article. 

From  the  results  obtained  so  far  in  the  investigation,  it  is  my 
opinion  that  the  Holophane  type  of  shade  is  very  greatly  superior  in 
general  results  to  any  other  investigated. 

Rogers  Laboratory  of  Physics, 
June^  iqoo. 
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Applied    Mechanics. 


Tests  on  Boiler  Tube  Columns. 

These  columns  were  old  boiler  tubes  taken  from  worn-out  boilers. 
They  were  tested  in  the  Emery  machine.  The  ends  of  the  tubes 
were  left  in  the  same  condition  in  which  they  are  used  in  building, 
the  ends  being  sawed  off  approximately  square.  Thirteen  tests  were 
made  of  old  tubes,  4"  diameter,  and  6,  7  and  8  feet  long;  and  six 
tests  were  made  on  new  tubes  of  the  same  sizes  to  find  the  loss  of 
strength  of  the  tubes  which  had  been  in  use.  Four  tests  were  made 
on  old  tubes,  in  which  the  tubes  were  heated  in  a  charcoal  fire  to  get 
the  loss  of  strength  due  to  heat.  In  each  of  these  four  tests  the 
tube  was  placed  in  the  machine  and  a  small  load  applied.  The  fire 
was  then  built  around  the  tube  in  a  V-shaped  receptacle  made  of  steel 
boiler  plate,  and  furnished  with  an  air  blast  through  tuyferes  at  the 
bottom.     The  length  of  this  receptacle  was  about  5  feet 
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BOILER  TUBE   COLUMNS. 
Summary  of  Tests. 


i 

•3 

1 

1 

i 

J 

i 

■s 

ill 

7 

z 

4-00 

Ii", 

JO 

Jo,«>o 

46.000 

..sa 

IS7 

IftJOO 

»S,40o,o™ 

J'.6 
,1.8 

JstSis^'^sisi- 

J..O 

4.0, 

0..4 

JO 

J6*00 

..70 

>■,»> 

16,300,000 

f>.6 

7... 

3-9« 

o,,j 

JO 

J4.600 

I.S0 

».oao 

lA,Iai>,<]DO 

».o 

..9 

4.«. 

o.r( 

TO 

4>*» 

■.tl 

>}.too 

ITiToiv™ 

6..« 

u.. 

4.00 

O..J 

r> 

J7,«oo 

i.Si 

»,Sao 

17,800,000 

«.., 

96.> 

4.00 

...s 

n 

l6*x. 

>.16 

•T.'oo 

J3,7™,ooo 

7'-> 

^.o 

3.9S 

o-.S 

r> 

4].» 

l.lD 

»4,ooo 

>,,>Do,ooo 

70.9 

96.C 

3.99 

0..4 

7° 

JJ,»o 

1.49 

>o.r°o 

•7,000,000 

TO.; 

96- 

4.00 

0.., 

TO 

l6,«™ 

'.TO 

ll,«oo 

17,800,000 

7^4 

,«., 

4.00 

a.  16 

70 

4J,ooo 

■■9J 

"JOO 

15,300,000 

70.7 

7».o 

4.00 

0-14 

JO 

64,800 

■-70 

J«,.00 

jo*»,ooo 

»>-T 

7J.O 

1.99 

0.0 

JO 

(S.600 

..46 

J«,™ 

J1.6 

, 

an. 

84,0 

l-9« 
J98 

O..S 

70 

58,700 
4.,.oo 

I. Bo 

J4.«00 

>.o 

T-u    H<».     ,4-9   t-cl»ht, 

mldi  oa  mm  tab«. 

^.0 

3.« 

0.14 

70 

16,000 

..69 

JJ.100 

A6oo,ooo 

TO.I 

96:. 

4.O. 

O..S 

70 

S7.6O0 

..Si 

]I,60D 

•6,700,000 

70.1 

226      Results  of  Tests  Made  in  the  Engineering  Laboratories, 


to 

< 


< 

o 

to 

CO 

H 

CO 

> 


lb 


iicii 


6 

'5 


806066000      6      000000000006008600900006620 


«    w    Q 

••9  •«  -li 


ggggilgS 

>»  ^  ^  >.  J?  &•  J^  5^ 

o  o  o  o  p  o  o  o 
flQPQOQflQttXDQaO 


6  6  0  0 


6  c  2'C'C  os:s  o-c'Ct:  ©  o 

^^l-s-sllgs^-s-gsg 


SEssgs&ssses 

,iwX  OQaQOQCQSSaCSOXQSCfiaQ 


SgSS8&SESS£S828 

QQa9QQflQaQQQQQaQ0QCS9O9QCQSOQ 


('ui  'bs 

]«aipn)i8noi  jo      I 
X)i9U9iai*ainuiix>)^  i 

(■at  •!»  jad  •«qq) 


QOOOOfiOfifi  O  OOQOOOOOOOOOOOQOOOgOOOOOQOO 
n  ••  m  m  Ow  *  •-  «  ♦  tv  tnoO  oo  oo  txoo  «  w  o  moo  o>  b*  ▼oo  -  w  »«  ^  0»  tooo  ^00  ♦  mi 
^00  00«N'*'<Omoo     ^oo  #00  oo  00  <r«0  o  O>oo  t^iN.o>t^r^t<«t%i>>0  ^  c^oo  O  >«  o  «n 


(«n) 


mOOOOmomQ      O      QOQOOOO 

00«MNfi>000<*)      **       MOfONN^M 


OOOOmoOOOOOOQOmmOvtOOmQirktn 


to  ••    ••   «o  M 


(*ai  -b* 
jad  ■•qq)  '^pij 
-sep    JO  «n{npo|^ 


§§§ii§i§§  §  §§i§i§§§§§§i§§§§§§§§§iii§§§ 

"OOOOOOOQ      O      SlOSOQQOOOOQOOOOOOOOOOONr>.Mtn£<. 
K  o«  mmmmoonoo     toOMO-  O'CO  O  r«.oo  O  r^  mo  m^m  «•  ir>~  ^m^  co^  to  tx  «»> 


eo 


MMNMNNMN       «       »«Mr««««"wx»«»<««"«»»r«»««ft*«f«»«M»«««JHf|»« 


('su])  'Xipticvia 
|0  8n[npoai  jo  nop 
-ein3i«3  UI  patn 
•pcoi  }o  aoaaiaj 
-jip  iO|  suopoayaQ 


00  «n_^  lo^O^Otx  O  O 
g^oooo  rx©ir%io«"'r  ►•  «o 
▼  r>  ^>  9  m  lo  u^oo  oo     0«    Ch 


p»  «  ••  •"  !«• 


<>  0>  Cf  *0  ▼  0  M  O  00  tv\0  ▼  I0»0  M  N  •A<C  Q  •-  M  o  t>  t*  o» 
m  M  o>ao  tnoo  co  ^  r<»  rv  lo  rv  ro  moo  iO^ofi^Miooxo 
m  m  ^  m  ^^  m  ▼  ▼  fo  «  «  «rtoo  o  ▼  »«'©  oo  m  t*.  in  ^  ^  ▼ 


»o 


(••qi) 

'X}pii9«|a  )o«npi 
-poiD  |o  uopc|n3|e3 
40}  cpeoi  jo  viiain 


s. 


§>§.§.§  8§§§u  §§§§.§§.§§§§§§§§§§§§§§>§§  §§.§§§ 


iAiAino<')OOOtn    lA    OOOctOmO 


N  *a    M    M 


«    •«    »• 


'■aipa|  pen 
laaj  ni  tiaoddns 
naaiiiaq    a9a«|i)Q 


(••Of)  'wmpods 
|o  qidap  pai  ipptM 


M   «    ^   M   •«  '*'  00   «x<0      JJ      I^mmmmmMmmm^MmmSmSOO^'OOO^OJJOOOm 

•  ;y;?«'o  Ss?^  T3^  »«o ;««  ?<• 


^  M  H  W  MM  M   ^   MmmMMM^MMM^ 

■■♦■•"♦  *'^o^'*   'O  "{Jo  to  «  ^  >o  :;  >o  «o  «o , 


c 

l8 


c 

8 

o 


I 

•J 

6 

s. 

O 


m  O  ^00  0rf0«#0«    O     QONmtommm  ^oo  oooOf^fo^i^QmoOioOOviOmO        m 
(>«\S  00  m  ▼O  fo  «oO     ro   eioi>«>MOOeit>>  O^ao  o  d  (OO  ro  <>  ia>0  r<r^mo^MVO*'*'<<c 

«»>IIH«li»<N»«»<        «      •«fO'*»OfOIO»Of««rorONC<l'*'*^*fl^fO«IO'**«fl'r«r  6 


«> 
I    » 

s 

•S 
i 

e 
o 


nTTrTrrr  ?  TtnrftTf?rt!t??frfff trrrff 

lA  m  m  tn  wwb  oooofi     m    ««▼▼▼▼  ^O  »<  m  m  m  o^6  mtoin^^iA^^VrnVfomwi 


'Va\  p  jiaqain jii 


«0  ▼  •«>©    t«»00    Ok  O 
MNNNNMfltpm 

^  ^  ^  ^  ^  ^  ^  ^  ^ 


'5 


5^ 


▼  MvO  »x  o»  Q  ►«  g.  w  S  !5^  •^•o  ■•  N  fo  ♦»©  00  t^oo  »  m  « 


•O 

% 


I 


Transverse   Tests  upon  Spruce  Beams, 


227 


I 

I 


^        '3*        ^        9^        9>        Q^        9^        ^        ^        O^        ^        if'        O^        O*        Q^        ^        ^        ^       \ 

#S^»S^"2"3      S»?rS^2^??Si5X       Number  of  test. 


tx 


w 


w       *«* 


M 


X 

00 


00         00        Mt 

M        X         X 


X 
oe 


00 

X 


09 

X 


o       '^ 


X       •**       M       *•       X 

o       00     M     oe      o 


Width  and  depth  of 
specimen.  (Ins.) 


M  M 


1  i  1  i  1  M  i  r  i  i  i  i  i  J  i  i 


Distance  between 
supports.  (Feet 
and  inches.) 


Mk4M*.MMM«« 


S 1 1 

§  I  I  i  I  i  I  I  M  i  §  §  i  I  I 


Limits  of  loads  for 
calculation  of  mod- 
ulus of  elasticity. 
(Lbs.) 


M        w        w        in 


U«         M        <sl  0 

ui       <6       U(       £ 


^ 


ut       w       o       *t      <«•        0^       00 


0<4        O         gbcnOinfOi        O^OOW        M>4i*v4vn'«4 
«k<}4k       out       ooM       00*4       9«*4       O*^       •v^^       9oe 


Deflections  for  dif- 
ference of  loads 
used  in  calcula- 
tion of  modulus  of 
elasticity.  (Ins.) 


<0  M  M  ^  OJ 

.(  •«4  >4  M  M 

•«a      vj       00     ii»      -si 


J        >4         OP       «- 


§  i  I  §  §  §  §  I  §  I  §  §  §  §  §  §  §  § 


Modulus  of  elas- 
ticity. (Lbe.  per 
sq.  in.) 


H 
7) 

> 

yj 

•< 
n 
?o 

CO 

C/} 

H 

CO 

s 

CO 

O 
M 

M 

> 

CO 


'r 


00 


w  ^ 
in  M 
*>J   in 


in   W   in 

>4    O   >* 


o 


00  ^    M 

«  It 

M  in 

o   o 


00  o 


M      M      M 

00  w   ^ 


? 


in 

o 


O   in 

o   o 


8   y 


o 


Breaking  load. 
(Lbs.) 


VI    to    M 
in   in   Ui 


M       M       M       M 

00   O    0«   00 


8  ^2?»  2  g'  y  'S  8 


M     M      M      M 

in   in 
Ui   in 


M     M 


M 


M 


••J    op   4k    v|    W    ^ 

O   0   O   ui   O   in 


Weight  of  beam. 
(Lbs.) 


W       in       in       in       in       VI        O^ 


in 


in 


9k      in 


in 


M<fi^KoHOSO        ScSin       Min        M        ee      t*       ■£ 
iMOsOOOOOOOOOOOOOOOO 


Modulus  of  rupture. 
(Lbs.  per  sq.  in.) 


8 

a 

3 


ii    "6    ■* 


QWMi^M^MMO 
«0    OOM    OeOvO^MiA 


00 


00      w 

•»     o 


M 

w 

00 


Maximum  intensity 
of  longitudinal 
shear.  (Lbs.  per 
sq.  in.) 


h^      *i^      hij      ^fl      *^       ^ij      *^      *35      *5^      ^fl      ^9 

5'crcrcrcro'O'o* 


•4     t^q     iq     1) 

_   g:   Ss   g.   e. 

(L     Ou     cL     S>     2L 


er     o*     o*     o*     a*     a*     o* 


I 

a* 


a* 


9          r*          r*          * 

a      S      ^      ' 

i^is^l^ssslfff 

sion. 

sion. 

sion. 

sion. 

sion. 

sion. 

sion. 

sion. 

non. 

sion. 

sion. 

sion. 

sion. 
.1 

t 

» 

I 

a 


Z 

s 

H 
W 

o 

> 

M 


? 


.0 


X 

s. 

s 

m 

i 


> 

n 


1 1 1 1  i  1 1 1  n  n  n  n  ^  ^ 

f         I         ?         F    I    I 


228      Results  of  Tests  Made  in  the  Engineering  Laboratories. 


A« 
H 

o 

Oi 
CO 

is 

H 
M 

CO 

> 

CO 

«< 

H 


o 

•8 

« 

1 

1 

1 

1 

5 

1 

1 

0 

»« 

f 

a" 

c 

1. 

si 

-8 

e 
1. 

1 

8 

1 
§ 

• 

f 

1 
§ 

1 

8 

< 

< 

♦« 
< 

•< 

-< 

:< 

< 

<    < 

3 

< 

k. 
O 

H 
M 
X 

z 

■ 

1 

J 
*• 

1 

1 
•J 

k 

• 

• 

m 

< 
S 

1 

"Sbt 

'% 

*!  8 

•8 

"8 

3 

"Z    "8 

^-s 

^ 

^"S 

'S 

^ 

* 

^    ^ 

dh 

fh 

u. 

u* 

h 

h 

h 

b*     Ei« 

(•ui  bt 

jad  tqq)     *je9q« 

\ 

M 

00 

$ 

n 

i«» 

? 

2.     2 

l«a)pn){aao[  p 

M 

f»»     « 

X}|«a9)ai  tnnuipcvii^ 

(*ai  'btiad  *sqq) 
'•in)diu  |o  flninpof^ 

% 

4 

S 

1 

1 

M 

O 

M 
t 

M 

00         •• 

iC      ^ 

•ui«aq  |o  )MSiaAi 

s 

M 

0 

M 

M 

i 

8 

■A 

M 

* 
^ 

3  5 

(•«n) 

1 

8. 

m 

lA 

^ 

f 

1 

f  § 

•ptoi   8u|i[«9ig 

i 

^ 

1^ 

n 

Ok 

(•OT  -bt 

§ 

§ 

1 

§ 

i 

§ 

1 

§     § 

jad  -wn)     -Aipp 

£ 

S' 

0 

S, 

00 
lA 

-t«|9   JO   aappopi 

M 

M 
M 

M 
■k 

m 

0? 

o* 

(•«ai)  -Xippsvp 

JO  tninpooj  JO  aoi^ 

1 

9 

^ 

M 

n 

f 

m 

3" 

•R  r 

^{n3|«3  m  patn 

s 

*n 

IN. 

M 
M 

a  ? 

spvoi   p   aduajaj 

• 

• 

• 

■ 

• 

m 

• 

*        ■ 

-jip  aoj  raotpagaa 

1 

(•«n)  V 

1 

1 

I/I 

i 

1 

§ 

1^ 

i 

•A 

1 1 

•iippcvfa  JO  tnin 

-pool  JO  UO{lVin3I«9 

joj  •p«oi  JO  «)iu<iq 

II 

i 

in 

h.  H i II 

('•aqdiq  pa« 
)aaj)    tiioddns 

\ 

I 

I 

I 

t 

I 

I 

t      I 

uaaA^aq    aaavisfQ 

M 

M          m 

M 

y 

«• 

>o 

m 

>o 

T 

<♦         O* 

('•a]^    'uampadfl 
JO  mdap  pu«  qipiM 

M 

M 

M 

M 

M 

M 

M 

M 

00 

K 

r 

M        M 

3*   3? 

•i«»  p  jaqiini|{ 

1 

1" 

^ 

00 

1 

1 

s 

I 
I 


J4 
CO 


■ 

8 


■cs 


Torsion  Tests  on  Cold  Rolled  Steel  Shafting, 


229 


MMMMMMMmmmmmmm 

Number  of  test 

lliniHIIIIII 

Diameter  of  cross 
section.    (Ins.) 

M         >4 


OOOwmmiSmmu^i^ 


«    %   5*   :8     «^    <^   * 


f«i 


Ok      ^       (n 

•  •  •  •  • 

jk       <o       O        O         M 


DUtanoe  between 
jaws.    (Ins.) 


o 

H 
W 

CO 

O 
O 

o 


o 
r 

H 

M 

r 

CO 


3 

M 
?» 

i 

s 

8 
S' 


OOOOOOOOOOOOMO 


Gauged  lensth. 
(Ins.) 


M         M         W 


MMMMMWMWM 


iirsil^ii^ifil 


Elastic  limit     (In. 
Lbs.) 


^       O      "S 


?  >  1  ^ 


000000000 


Outside  fiber  stress 
at  elastic  limit 
(Lbs.  per  sq.  in.) 


Maximum  twisting 
moment  (In. 
Lbs.) 


«4  (>«  O'^MVI  Ok«MW«(«*UtW 

'58?"3?88^"8'88f55o 


Apparent  outside 
fiber  stress  as  cal^ 
culated  from  max- 
imum twisting 
moment. 
(Lbs.  per  sq.  In.) 


?  ?  ?  ?  ?  ?  ?  f  ?  I  ?  ? !  ? 

ONa%iS^^o^vi«o^ou«      0000 

§§§?s§ri§§lir§ 


Limits  of  loads  for 
calculating  shear- 
ing modulus  of 
elasticity.  (In. 
Lbs.) 


r  r  r  r  x  r  /  r  x  x  /  1°  f  X 

MMMMMM4^MWMJik  MlA 

M«      O0M«      0      o^M      eoNiS      »«4>i 

f  X  ;  "■  r  r  X  J-  X  X  f  r  r  r 

OUtWI  0»«M  OUI  06WI  (>WIUlMUI 


An^le  of  twist  for 
difference  of  loads 
used  in  calculat- 
ing shearing  mod- 
ulus of  elaradty. 


I  f  I  f 
1  §  §  § 


I 


I  f 1 1 II J  n 
§§§§§§§§§ 


Shearing  modulus 
of  elasticity. 
(Lbs.  per  sq.  in.) 


.     ^      M     w     .^      p     ^p 
%.    li     S.     3i    t     t     % 


pe     w      p^    «      «      po     p 

W  M         W         M  III         M         M 

Ul  ^       W         >«  00        O  9^ 


Number  of  turns 
between  jaws  at 
fracture. 


% 


o     n 


A        <0        «ff        w 

«     ^      00    «o 


&  i   ?  s  >)  .sr 


00 


Turns  per  foot  be- 
tween 'jaws  at 
fracture. 


230      Results  of  Tests  Made  in  the  Engineering  Laboratories, 


• 

• 

• 

• 
• 
• 

M 
• 

M 

M 

■ 

• 

8^ 

• 

M 
• 

-9q  )oo|  jad  sumx 

M 

M 

00 

« 

8^ 

• 

S" 

5" 

• 

s> 

9 

s 

% 

8 

s 

£' 

'S.   « 

flam)    |o  j»qinn|ii 

rx 

« 

m 

»^ 

ts 

■ft 

w 

ro 

u\ 

rs 

tn 

*n 

*n     « 

(•ai'bfliad  -sqq) 

1 

1 

1 

§ 

§ 

1 

§ 

i 

§ 

1 

§ 

1   1 

•X)pps«ia  JO 
•ninpoui  Suueaqs 

n 
d- 

9 

•ft 
M 
M 

M 

M 
M 

M 

0" 

M 

m 
mm 
M 

0* 
•n 

M 

d 

m 

C  k 

M             M 

Oft 

1  -1 

•a           M 

M              M 

■X^pQtvp  )0  snpi 

0 

^ 
^ 
* 

in 

'0 

2. 

n 

^ 
^ 

M 

-pool  Sauvaif*  Sai 

1 

1 

r 

r 

r 

r 

T 

r 

1 

T 

r 

r 

r  r 

neinopo   ui  pasn 

:? 

v> 

^ 
♦ 

■♦ 

0 

IN 

0 

• 

sp«oi  ]o  93uaMjnp 
JO}  )S|M)  JO  afSay 

0' 

11 

c 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J    ' 

tA 

M 

"T 

ro 

N 

M 

M 

M 

»4 

k4 

M 

M 

m 

M 

« 

:8 

(••qi 

1 

^ 

§ 

1 

% 

8 

(1 

8 

8 

§ 

§ 

§ 

§ 

§       1 

< 

•ni)      Xipinwia 

<> 

M 

M 

•h 

00 

•* 

0 

IX 

■k 

S 

» 

* 

^      J! 

JO  sninpoui  Sai 
-jeaqs  Sa{)«{n3it» 
joj  tpsoi  JO  8)iain 

iiiiliii 

1 

i 

i 

1 

i  i 

•> 

M 

CO 

M 

•0 

10 

M 

M 

M 

M 

M 

M 

M 

•a             M 

SQ 

0 

0< 

(•u|  'bs  Jiad  •«qq) 

'laainooi 
SapsiA)  uinaii 

s 

>8 

I 

s. 

0 

Q 

0 

mm 

0 

ft 

i 

<s 

g.         ^ 

m      to 

-xvm  inojii  p3)e{n9 

« 

«& 

ro 

r^ 

-* 

a 

tH 

^ 

00" 

o- 

f 

'S* 

^0         CN 

apjsjno  taajneady 

T 

0 

(•«n 

'aj)     *)  a  a  in  0  ai 

1 

0 

M 

n 

1 

1. 

8 

S 

M 

M 

1 

■k 

s> 

OH 

0 

«k 

II 

H 

CO 

Snpsui)  omoipcvii^i 

i 

^ 

s^ 

2 

s» 

5" 

S 

>s 

:£ 

^ 

s  ^ 

2 

(•ox  'bfl  jad  'Aqq) 
•jiniii  9p«via  j» 
8flaj)fl  iaqg  apwinQ 

1 

M 

% 

M 
M 

1 

M 

1. 

M 

1 

0 

s? 

1 

1 

0 

•k 

■♦ 

1 

10 

M 

0 

mm 

§  1 

•k              ak 

m      fl 

M               M 

(-•qq 

1 

1 

8 

1 

J 

I 

§ 

i 

i 

1 

§ 

1       1 

•nj)    -^inni   3?>««ia 

<> 

M 

M 

>d' 

M 

d: 

M 

00 

M 

■s 

M 

M 

«k 

M 

0 

M 

«k                 «k 
M               M 

'qiSuaf   palnvQ 

% 

^ 

0 

% 

^ 

0 

^ 

^ 

^ 

5. 

% 

^ 

^             % 

(mj)    -SMvC 
navM^aq  aoa«)nQ 

00 

eo 

> 

5^ 

St 

m 

• 

s. 

06 

8 

i 

1 

% 
i 

o« 

M 

:    i 

(•TOI)    -aoipas 

00 

5 

s 

K 

SL 

ro 
t* 

IS. 

?: 

^ 

•R 

•R 

Ifc 

f.    R 

aaojD   JO  jaiamviQ 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M            M 

•)ta9  JO  iaqmnjii 

M 

f1 

•^ 

"♦ 

m 

« 

In 

00 

» 

0 
M 

M 

Tests  on  Building  Brick, 


231 


Tests  on  Building  Brick. 

This  series  of  tests  is  a  continuation  of  the  series  published  in 
the  Technology  Quarterly^  Vol.  XII,  p.  245.  Two  sets  of  tests  were 
made  on  the  same  grade  of  bricks.  In  the  first  set  the  pressure  was 
applied  to  the  broad  surfaces,  and  in  the  second  set  to  the  edges  of 
the  bricks,  the  idea  being  to  find  the  difference  in  breaking  strength, 
in  pounds  per  square  inch,  in  testing  by  the  two  ways.  In  all  the 
tests  the  surfaces  to  which  the  pressures  were  applied  were  set  in 
a  thin  layer  of  Portland  cement,  which  was  ground  to  a  plane  surface 
and  allowed  to  set  thoroughly  before  testing.  The  testing  machine 
used  was  the  300,000  pounds  Emery  machine. 

Tested  on  Broad  Surface. 


BAY  STATE   BRICK  COMPANY.    (Light  hard.) 


Number 

of 

Test. 

Area  of  Cross  Section. 

Maximum  Load. 

Maximum  Load. 

Amount  of  Water  Ab- 
sorbed. 

(Sq.  in.) 

(Lbs.) 

(Lbs.  per.  sq.  in.) 

(Per  cent.) 

I 
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19.5 
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1 8a  ,000 
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17. 1 
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29.3 
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7.5«o 

14.0 
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6,200 

14-3 

7 

30.0 
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S.470 

14.2 
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30.  S 
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14.1 
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30.4 
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15.9 

10 

28.8 
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II 
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166,000 

5iS4i 

i6.a 
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15.8 

ja 

30.6 
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7.5«8 

«5.3 

as 

30-3 
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16.6 

a4 

28.6 

285,000 

9,960 

»3.5 

as 

88.8 

264,000 

9,163 

14.6 

36 

29.4 

i93»ooo 
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16.0 

a? 

31.0 
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16.6 
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27.1 
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6.483 
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BAY  STATE   1 

BRICK  COMPANY. 

(Light  hard.)— Ctfw/aft^^ 

Number 
of     • 
Test. 

Area  of  Cross  Section. 
(Sq.  in.) 

Maximum  Load. 
(Lbs.) 

Maximum  Load. 
(Lbs.  per  sq.  in.) 

Amotint  of  Water  Ab- 
sorbed. 
(Per  cent) 

33 

29.0 

148,000 

5,100 

16.8 

34 

30.0 

185,000 

6,180 

14. 1 

35 

30.9 

189,000 

6,110 

15.9 
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295 
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5a 
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Tested  on  Edge. 

BAY  STATE  BRICK  COMPANY,    (light  hard.) 


Number 

of 

Test. 

Araa  of  Cross  Section. 
(Sq.  in.) 

Maximum  Load. 
(LU.) 

Maximum  Load. 
(Lbe.  persq.  in.) 

Amount  of  Water  Ab- 
sorbed. 
(Per  cent.) 

z 

18.0 

9a,ooo 

5,110 

z6.6 

a 

18.0 

71,000 

S1940 

z6.z 
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16.8 

8O|O0o 
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z6.o 
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18.3 

«S7i«» 
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Z4.9 

5 

Z9.0 

91,000 

4.790 

15a 

6 

17.7 

Z48,ooo 

8.350 

Z0.0 

7 

z8.i 

zao,ooo 

6,615 

Z5.8 

8 

«8.S 

80,000 

4,3  «7 

Z7.Z 

9 

Z8.5 

zoa,ooo 

5.504 

Z5.9 

10 

19.  X 

78,000 

4.088 

Z4.9 

II 

z8.o 

63 /XX) 

3,500 

9-4 

la 

18. 1 

zz7,ooo 

6r449 

i3.a 

«3 

x8.6 

89,000 

4>a45 

«5-5 

«4 

18.6 

113,000 

6,068 

Z0.5 

>5 

17.7 

98,000 

5,540 

za.o 

16 

18.5 

zo9,ooo 

5.89a 

zz.o 

17 

18.6 

zii,ooo 

5.968 

Z0.5 

18 

17.7 

zza,ooo 

6,387 

7-4 

«9 

17.6 

160,000 

9,zo6 

10.6 

ao 

18.0 

zoz,ooo 

5.630 

Z1.6 

ai 

19.6 

96,000 

4.903 

ZI.8 

aa 

18.4 

Z40,ooo 

7.609 

9.Z 

as 

18. 1 

zo3,ooo 

5.700 

IZ.3 

^4 

17.7 

Z4s,ooo 

8,  zoo 

Z0.3 

as 

17.3 

zzz,ooo 

6,a8o 

ZZ.6 

a6 

18.0 

133,000 

7.333 

Z1.3 

a7 

18.0 

140,000 

7,778 

zao 

a8 

18.  z 

z33,ooo 

7,aao 

10.5 

ag 

z8.4 

91,000 

4.940 

Z0.0 

30 

17-5 

146,000 

8,350 

8.3 

3« 

z8.o 

98,000 

5.440 

ZX.7 

3a 

z8.o 

141,000 

7.833 

i4.a 

33 

z8.6 

98,000 

5.a57 

z6.o 

34 

18.8 

7a  ,000 

3.8a9 

za.o 

35 

Z8.9 

73*000 

3,854 

z6.8 

36 

19.3 

74,000 

3,3a5 

Z7.7 
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Number 

of 

Test. 

Area  of  Cross  Section. 
(Sq.  in.) 

Maximum  Load. 
(Lb..) 

37 

i8.a 

139,000 

38 

30. 8 

84,000 

39 

x8.o 

x3a,ooo 

40 

18.8 

115,000 

41 

«7-3 

109,000 

4a 

17.5 

x6x,ooo 

43 

»7.5 

137,000 

44 

18. 1 

114,000 

45 

17.8 

83,000 

46 

17.9 

1x7,000 

47 

18.3 

96,000 

48 

18. 1 

96,000 

49 

18. 1 

iSSfOoo 

50 

16.3 

93,000 

5« 

18.0 

110,000 

5a 

18.5 

83,000 

53 

x8.i 

140,000 

54 

16.5 

151,000 

55 

17.6 

x5a,ooo 

56 

18.8 

83,000 

57 

x6.6 

131,000 

S8 

18.0 

137,000 

59 

17.9 

69,000 

60 

18.0 

107,000 

6x 

16.6 

180,000 

63 

17.7 

80,000 

63 

18.5 

99,000 

64 

18.4 

116,000 

65 

x8.a 

169,000 

66 

16.9 

iao,ooo 

67 

z8.x 

13  X, 000 

Averafl'ft .....tt 

MflTimum ..tittr 

Minimum 

Maximum  Load. 
(Lbs.  per  sq.  in. ) 


3,335 


Amount  of  Water  Ab- 
sorbed. 
(Per  cent.) 


7,633 

13.* 

4,030 

14.6 

7,346 

15.8 

6,134 

«5-4 

6,s»9 

15.8 

9,300 

X1.4 

7,8a9 

X0.8 

6,398 

X5.X 

4,667 

"7-4 

6,536 

X6.3 

5**46 

18.3 

5,304 

X4.S 

7*348 

15.6 

5.680 

«4-4 

6,1  xo 

153 

4,480 

16.9 

7,7«8 

X3.0 

9,150 

9.1 

8,673 

13.8 

4,364 

x6.o 

7,950 

15.3 

7,060 

X5.X 

3.860 

x8.i 

5.940 

x6.i 

10,840 

xa.4 

4,5x0 

X7.6 

5.350 

«4.5 

6,300 

15,3 

9,380 

X3.8 

7»097 

15.0 

7,aao 

X5.3 

6,341 

X3.67 

10,840 

18.3 

7-4 
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Cement  Tests. 

The  tests  on  cement  in  tension  were  made  on  briquettes  of 
I  square  inch  cross  section,  and  the  tests  in  compression  on  2" 
cubes.  A  description  of  the  method  of  making  these  tests  may 
be  found  in  the  Technology  Quarterly^  Vol.  IX,  1896,  p.  196.  The 
sand  used  In  making  the  sand  tests  was  ground  white  quartz  fine 
enough  to  pass  through  a  sieve  with  20  meshes  per  linear  inch. 


PORTLAND  CEMENT.  — NEAT  CEMENT.  (Tension.) 


Brand. 

Per  cent,  of  Water 
Used  in  Mixing. 

Time  of  Set 

Breaking  Strength. 

Saylor**. 

a4 

34  hours. 

300 

M 

"4 

If 

3" 

If 

a4 

(1 

31a 

(I 

84 

ff 

a66 

«f 

24 

(f 

376 

f( 

24 

ff 

368 

f< 

M 

(( 

378 

fC 

a4 

a  days. 

456 

II 

34 

<f 

476 

«l 

a4 

If 

473 

'     II 

34 

f< 

S08 

•1 

34 

fl 

468 

M 

34 

ff 

533 

M 

34 

ff 

454 

If 

34 

3  days. 

5" 

If 

34 

ff 

534 

fl 

34 

If 

516 

II 

34 

II 

540 

II 

34 

<i 

635 

II 

34 

i< 

535 

If 

34 

4  days. 

585 

ff 

34 

11 

573 

If 

34 

i« 

590 

ff 

mm 

34 

5  days. 

660 

If 

34 

ff 

750 

ff 

34 

fl 

756 

14 
fl 

34 
34 

7  days. 
14  days. 

780 

783 

If 

34 

ft 

797 

(« 

34 

ff 

800 

If 

34 

ff 

900 

*« 

34 

ff 

Sao 

«l 

34 

ff 

780 

M 

34 

17  days. 

923 

fl 

34 

ff 

858 

M 

34 

94  days. 

980 

f  f 

34 

<« 

1,040 

ff 

34 

<f 

I,ZOO 

fl 

34 

30  days. 

915 

If 

34 

If 

930 

fl 

34 

a  months. 

950 

II 

34 

If 

«»o5S 
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PORTLAND  CEMENT. —  NEAT  CEMENT.  (Tension.)  — O^Awfr^/.  . 


Brand. 

Per  cent,  of  Water 
Used  in  Mixing. 

Time  of  Set. 

Breaking  Strength. 

SayloHt. 

a4 

a  months. 

1. 100 

«i 

a4 

II 

I»OIO 

<f 

a4 

II 

XfXo 

<i 

«4 

3  months. 

1,016 

« 

34 

<< 

1,030 

, 

'  II 

•4 

II 

1,040 

II 

a4 

tt 

1,056 

II 

34 

If 

i,a6o 

II 

34 

II 

i,iao 

II 

84 

II 

1,080 

II 

a4 

II 

i/»o 

II 

"4 

If 

i,iao 

^ 

11 

34 

« 

1,05* 

II 

34 

6  months. 

i/>as 

i< 

34 

i< 

1,100 

(1 

«4 

It 

1,010 

. 

II 

34 

II 

I,I30 

II 

44 

II 

1,036 

•1 

34 

II 

'•I70 

II 

34 

II 

1,165 

II 

»4 

II 

1,190 

II 

34 

II 

«f045 

II 

34 

II 

i,iao 

II 

34 

II 

x,o6o 

II 

84 

I  year. 

ifOao 

II 

*4 

•1 

■,080 

II 

24 

II 

x,oo8 

II 

34 

II 

1,0x0 

II 

34 

II 

1,040 

AlMn. 

27 

i< 

990 

II 

a? 

II 

x,iaa 

11 

»7 

II 

i,xaa 

i< 

27 

If 

1,348 

i< 

"7 

II 

1,148 

i< 

27 

II 

x,ii6 
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PORTLAND  CEMENT.  — NEAT  CEMENT.  (Compreasion.) 


Brand. 

Per  cent,  of  Water 
Used  in  Mixing. 

Time  of  Set 

Breaking  Strength. 

Saylor'a. 

a4 

84  hoart. 

am 

8,650 

K 

>4 

%m 

9,200 

i« 

34 

ti 

9,870 

(1 

a4 

34 

4t 

9,330 
8,910 

H 

^A 

U 

8,730 

II 

34 

IC 

io,a5o 

11 

34 

II 

9,540 

<i 

34 
34 

a  dap. 

14,100 
13,080 

II 

34 

II 

14,330 

II 

34 

II 
it 

15,210 

II 

34 

13,700 

II 

34 

II 

M,86o 

II 

34 

(1 

M,i50 

i( 

34 

idaj*. 

15,850 

II 

34 

IS 

15,200 

II 

34 

II 

»5,400 

II 

34 

II 

16,990 

II 

34 

II 

16,000 

II 

34 

II 

16,830 

II 
«i 

34 
34 

Sdaya. 

30,500 
31,680 

II 

34 

II 

30,100 

II 

34 

II 

31,400 

«i 

14 

II 

32,000 

41 

34 

II 

31,800 

<l 

34 

7  dap. 

3O,60O 

It 

34 

.. 

32,370 

II 

24 

a 

3X,300 

u 

34 

i» 

30,910 

u 
II 

34 

34 

II 
«i 

30,750 
30,380 

<l 

34 

14  days. 

33,640 

11 

34 

II 

34,820 

II 

34 

II 

22,760 

II 

34 

11 

35,200 

II 

34 

II 

25.180 

«< 

34 

II 

34.790 

II 

34 

17  day*. 

31,700 

II 

34 

a  I  days. 

36,000 

(1 

34 

II 

38,380 

II 

34 

a  months. 

37.500 

II 

34 

II 

38,500 

II 

34 

i< 

34,000 

II 

34 

II 

43,500 

II 

34 

II 

36,000 

w 

34 

II 

34,640 

II 

34 

3  months. 

35.900 

u 

34 

II 

37,000 

«1 

34 

II 

35,  "O 

II 

34 

11 

36,500 

• 

fl 

34 

II 

38,570 

«l 

34 

II 

42,650 

M 

34 

II 

39,600 

l« 
<l 

34 

34 

II 
6  months. 

38;8oo 

«l 

34 

II 

38,400 

II 

34 

II 

^•12® 

M 

34 

I  yew. 

41,880 

*l 

34 

II 

47.550 

II 

34 

II 

50,000 

Alan. 

37 

41 

38,900 

i« 
i< 

37 

37 

<l 

II 

lliSi 

«« 

37 

M 

36,850 

M 

37 

M 

36,150 

M 

37 

(C 

36,200 

« 

37 

u 

43,000 

M 

37 

«• 

43,000 

M 

37 

M 

36,6x0 

« 

37 

(t 

39,890 

M 

37 

M 

43,300 

M 

37 

• 

44,100 
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PORTLAND   CEMENT.  — SAND   TESTS.    (Companion.) 


Brand. 

Puts  Sand  to  one 
part  Cement. 

Per  cent  of  Water 
Uied  in  Mixing. 

Time  of  Set 

Breaking  Strength. 

Saylor**. 

la 

34  houn. 

1,365 

II 

13 

«i 

X,300 

If 

la 

If 

x,38o 

<« 

la 

If 

«.55o 

M 

la 

II 

»,58S 

«< 

la 

3da7a. 

«.75o 

f« 

la 

1. 

1,650 

M 

la 

1. 

1.M5 

If 

13 

(1 

1,878 

«< 

13 

jdaya. 

3,800 

M 

13 

i< 

3»4oo 

M 

13 

It 

3,630 

«f 

13 

•1 

3i75o 

M 

xa 

5  days. 

3f>5o 

M 

13 

.1 

3,300 

*f 

13 

II 

3,no 

«« 

13 

7dsya. 

3,890 

•< 

13 

II 

4»4ao 

M 

13 

II 

4,040 

•« 

13 

11 

Sf96o 

il 

13 

II 

3,780 

M 

13 

II 

3,800 

M 

13 

II 

3, 900 

M 

13 

II 

3,780 

«• 

13 

r4(laya. 

5,060 

•  • 

xa 

II 

5,900 

« 

13 

II 

5.>30 

<l 

xa 

ft 

4,740 

«• 

• 

xa 

11 

4.470 

•  1 

xa 

II 

4,490 

ft 

xa 

ax  daya. 

5,000 

C« 

xa 

3odaya. 

4,650 

U 

xa 

amontha. 

7,850 

M 

13 

If 

8,000 

« 

xa 

fl 

8,350 

•< 

xa 

If 

8,000 

«• 

la 

X  year. 

8,4x0 

M 

xa 

ff 

8,050 

f< 

la 

«i 

8,000 

II 

xa 

II 

8,630 

M 

xa 

II 

9,650 

M 

xa 

II 

9,790 

M 

xa 

II 

9,600 

AImd. 

la 

t» 

9,980 

41 

xa 

i( 

9,980 

II 

X3 

i< 

9,650 

fl 

13 

11 

10,000 
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Steam   and   Hydraulics. 


Boiler  Tests. 


The  two  tests  following  were  run  as  nearly  as  possible  under  the 
same  conditions,  except  for  the  difference  in  fuel  —  New  River  coal  be- 
ing used  in  the  first  test,  and  New  England  Gas  and  Coke  Company's 
coke  during  the  second  one. 

The  tests  were  made  on  a  battery  of  four  horizontal  multitubular 
boilers  60  inches  in  diameter,  with  84  three-inch  tubes  16  feet  long. 
Two  of  the  boilers  were  supplied  with  Hawley  furnaces,  and  two 
with  herringbone  grates  giving  air  space  equal  to  about  40  per  cent, 
of  the  grate  surface.  The  four  boilers  are  connected  with  an  un- 
lined  steel  stack  3  feet  in  diameter,  and   100  feet  tall. 

The  boiler  settings  were  all  in  good  condition.  All  fires  were 
cleaned  three  hours  before  the  beginning  of  the  test,  three  hours 
before  the  ending  of  the  test,  and  as  often  during  the  test  as  was 
deemed  necessary.  The  thickness  and  the  condition  of  the  fires  at 
the  end  of  the  test  were  made,  as  near  as  could  be  judged,  the  same 
as  at  the  beginning. 

The  greatest  chance  for  error  in  tests  of  this  sort  is  in  the  esti- 
mation of  the  thickness  of  the  fire  at  the  beginning  and  end  of  the 
test.  It  is  assumed  that  an  error  of  i  inch  may  be  made  in  each 
estimation  of  the  thickness  of  the  fire,  and  that  the  errors  are  cumu- 
lative, thus  making  a  total  error  of  2  inches  over  the  entire  grate. 
Calling  the  weight  of  soft  coal  48  pounds  to  the  cubic  foot,  and  the 
weight  of  coke  25.1  pounds  to  the  cubic  foot,  the  error  in  weight  due 
to  the  2  inches  is  739  pounds  for  coal,  560  pounds  for  coke.  These 
weights  in  per  cent,  of  the  total  weight  fired,  fix  the  greatest  assumed 
possible  error. 

Using  soft  coal,  one  day  man  and  one  night  man  took  care  of  the 
boilers.  With  coke  two  men  were  required  on  each  watch.  Firemen 
familiar  with  coke  fired  during  the  coke  trial.  The  air  space  of  the 
two  herringbone  grates  was  insufficient  for  the  proper  burning  of  the 
coke,  and  considerable  trouble  was  found  in  keeping  the  grates  clear 
of  clinkers  which  would  at  times  completely  shut  off  the  air  supply 
through  the  grate.  The  Hawley  furnaces  worked  well  with  coke. 
The  fused  slag  ran  through  the  water  grates,  and  gave  no  trouble  on 
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the  lower  grates.  A  thick  coke  fire  was  carried  on  these  lower  grates, 
and  the  area  of  these  grates  is  included  in  the  total  grate  area  for 
this  test. 

As  a  matter  of  interest,  the  pounds  of  water  evaporated  from  and 
at  212°  F.  per  dollar  of  cost  has  been  figured  for  each  case.  These  fig- 
ures are  based  on  the  prices  of  New  River  coal  and  of  New  England 
Coke  and  Gas  Company's  coke  in  lots  of  50  tons  at  the  time  of  the 
test:  i.e,^  New  River  coal,  1(5.00  a  ton  delivered;  coke,  JI4.50  a  ton 
delivered.  The  New  River  coal  evaporated  4,124  pounds  per  dollar. 
The  coke  evaporated  3,613  pounds  per  dollar. 

EVAPORATIVE   TEST   ON    BOILER    PLANT. 
Date,  January  a,  1900,  4  p.m.,  to  Janiuuy  6,  8  a.m. 

Duration  of  test 88  hours. 

Barometer 30.42  inches.     14-94  pounds. 

Boiler  pressure       . 99*44  pounds. 

Temperature  of  the  air  .  .        .         Inside,  97.4**  F.     Outside,  32.9®  F. 

Temperature  of  feed  water 13.5°  C.  =  56.3°  F. 

Quality  of  steam,  dry  steam  unity .992 

Kind  of  coal  used New  River. 

Moisture  in  coal,  by  drying  test 2.3  per  cent. 

Total  water  fed  to  boilers •.        .        .      594»943  pounds. 


Heating  surface.    Total,  4,558  square  feet 

Grate  surface.     Total,  92.4  square  feet  . 

Ratio  of  heating  surface  to  grate  surface.    Total, 
4933  to  1 


Coal  fired.     Total,  70,500  pounds  . 
Dry  coal  burned.     Total,  68,879  pounds 
Ash  and  clinker.    Total,  6,769  pounds  . 
Dry  combustible  burned.    Total,  62,110  pounds 
Ash  and  clinker  in  per  cent,  of  dry  coal,  9.83    . 


Boiler 
No.  7. 


42.96-1 

1 
57.45-1 

16,500 

18.600 

16,121 

18,172 

1,610 

1,798 

14,511 

16,374 

9.99 

9.89 

1,166 
20.3 

57.45- 1 

18,000 
17,586 

1,838 
15,748 

10.45 


Results. 
Chemical  anal3rsis  of  coal : 

HjO  =B  i.o.    C  =  81.6.    H  «B  4.5.    S  =  0.2.    O  ^  5.2.    N  =  I.I.    Ash  ^  6.4. 


Heat  of  combustion  of  coal 

Total  equivalent  evaporation  from  and  at  212°  F 

Equivalent  evaporation  from  and  at  212^  F.,  per  pound  of  dry  coal, 
Equivalent  evaporation  from  and  at  212°  F.,  per  pound  of  com- 
bustible         


14,380  B.  T.  U. 

710,362  pounds. 

10.31  pounds. 

11.44  pounds. 
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Equivalent  evaporation  from  and  at  212®  F.,  per  square  foot  of 

heating  surface  per  hour 

Coal  burned  per  square  foot  of  grate  surface  per  hour  . 
Boiler,  horse- power  developed,  A.  S.  M.  £.  rating 
Maximum  assumed  possible  error  of  test 
Thermal  efficiency  of  boiler  plant 

Gas  analysis :     Per  cent,  by  volume        COs  O  CO 

Uptake 7.2  1 1.8  0.1 

Draught  and  Tsmpkratures. 


1.77  pounds. 
8.47  pounds. 

234. 
1.07  per  cent. 
67.7  per  cent« 


Ash  pit    . 
Above  grate 
At  bridge  wall 
Back  end 


Uptake 


SSTTINC. 


433 


EVAPORATIVE   TEST   ON    BOILER    PLANT. 
Date,  January  9,  1900,  4  p.m.,  to  January  13,  8  a.m. 

Duration  of  test 88  hours. 

Barometer 30. 50  inches.     14.98  pounds. 

Boiler  pressure 94-63  pounds. 

Temperature  of  the  air Inside,  97.9°  F.     Outside,  38.1°  F. 

Temperature  of  feed  water l2.o°  C.  =  53.6°  F. 

Quality  of  steam,  dry  steam  unity .990 

Kind  of  coal  used  New  England  Gas  and  Coke  Company's  Coke. 

Moisture  in  coke,  by  drying  test 1.65  per  cent. 

Total  water  fed  to  boilers 679,182  pounds. 


Heating  surface.    Total,  4,558  square  feet 
Grate  surface.     Total,  133-8  square  feet 


Ratio  of  heating  surface  to  grate  surface.     Total 
34.07  to  1 


Coke  fired.     Total,  101,490  pounds 
Dry  coke  burned.     Total,  99,815  pounds 
Ash  and  clinker.     Total,  6,875  pounds  . 
Dry  combustible  burned.     Total,  92,940  pounds 
Ash  and  clinker  in  per  cent,  of  dry  coke,  6.9 


Boiler 
No.  4. 


1,113 
25.9 

42.96-1 

21.200 

20,850 

1,664 

19,186 

7.9 


Boiler 
No.  5. 


1,113 
25.9 

42.96-1 

20,090 

19,759 

1,457 

18,302 

74 


Boiler 
No.  6. 


Boiler 

No.  7. 


1,166 
41.0 

28.44-1 

35,000 
34,422 

1,753  ! 
1 
32,669 

5.1  ' 


1,166 
41.0 

28.44-1 

25,200 

24,784 

2,001 

22,783 

81 
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Results. 

Chemical  analysis  of  coke : 

H2O  =0.1.    C  =  90.0.     H  =  0.5.    S  =  0.2.    O  +  N  =  1.7.    Ash  =  7.5. 

Heat  of  combustion  of  coke 12,820  B.  T.  U • 

Total  equivalent  evaporation  from  and  at  212^  F.        .  81  i»46o  pounds. 

Equivalent  evaporation  from  and  at  212^  F.,  per  pound  of  dry  coke  .     8.13  pounds. 

Equivalent  evaporation  from  and  at  212^  F.,  per  pound  of  com- 
bustible      8.73  pounds. 

Equivalent  evaporation  from  and  at  212^  F.,  per  square  foot  of  heat- 
ing surface  per  hour 2.02  pounds. 

Coke  burned  per  square  foot  of  grate  surface  per  hour      .        .        .8.48  pounds. 

Boiler,  horse- power  developed,  A.  S.  M.  £.  rating      ....  267. 

Maximum  assumed  possible  error  of  test 0.56  per  cent. 

Thermal  efficiency  of  boiler  plant 61.26  per  cent 

Gas  analysis :    Per  cent,  by  volume        COi  O  CO 

Uptake 7.78         12.33         0-0 

Draught  and  Temperatures. 


Sbttimg. 


Ash  pit    . 
Above  grate    . 
At  bridge  wall 
Back  end 


Uptake 


op. 


470 


HiRN   Tests. 


The  object  of  these  tests  is  to  show  the  amount  of  heat  inter- 
changed between  the  steam  and  the  walls  of  the  cylinder  of  a  steam 
engine  during  the  different  parts  of  a  stroke.  The  method  of  carry- 
ing out  such  an  analysis  was  first  proposed  by  Hirn.  A  complete 
description  of  the  manner  of  conducting  such  tests,  together  with 
the  the'rmodynamic  equations  used  in  the  calculation  of  the  results, 
will  be  found  in  Technology  Quarterly,  Vol.  IX,  pp.  43  to  50. 

The  twelve  tests  given  in  the  tables  were  all  made  on  the  cylin- 
ders of  a  9"-i6"-24"  X  30"  triple  expansion  engine  of  the  Corliss 
type  made  by  the  E.  P.  Allis  Company.  The  cylinders  are  jacketed 
on  both  heads  and  barrels.  Between  the  cylinders  there  are  two 
reheaters.  In  tests  I  to  IV  {Technology  Quarterly ,  Vol.  IX)  these  re- 
heaters  were  of  the  double  shell  type  with  jacket  steam  between 
the  two    shells.      In  the  tests   given  below  these  were    replaced  by 
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Wainwright  reheaters  arranged  in  such  a  way  that  the  amount  of 
reheating  surface  could  be  varied.  The  cranks  are  set  120°  apart, 
the  high-pressure  crank  leading. 

Tests  I-IV  were  made  using  the  engine  as  a  compound,  the  inter- 
mediate cylinder  being  cut  out,  while  the  present  tests  V-XII  were 
run  with  the  low-pressure  cylinder  cut  out.  In  all  tests  the  entire 
jacket  surface  of  the  cylinders  was  used  In  tests  I-IV  the  jacket 
was  used  on  the  double  shell  reheater.  In  tests  V-VI  one-third  of 
the  reheating  surface  of  the  Wainwright  reheater  between  the  high 
and  intermediate-pressure  cylinders  was  used ;  this  amounted  to  26.2 
square  feet.  In  tests  VII-VIII  about  two-thirds  of  the  reheating 
surface  was  in  use :  54.0  square  feet.  In  tests  IX-XII  the  entire 
surface  of  the  reheater,  amounting  to  80.2  square  feet,  was  used 

The  dimensions  of  the  engine  are  as  follows : 

High-Pressure  Cylinder, 

Dia.  of  piston  =  8.99".    Dia.  of  piston  rod  =  2. 19".    Stroke  =  30". 
Piston  displacement :  H.  E.  =  1.102  cu.  ft. ;  C.  E.  =  1.037  cu.  ft. 
Clearance  in  ^  of  P.  D. :  H.  E.  =  8.83  ;  C.  E  =  9.76. 
Engine  constant :  H.E.  =  .004809  ;  C.  E.  =  .004524. 

Intermediate-Pressure  Cylinder. 

Dia.  of  piston  =  16.01".    Dia.  of  piston  rod  =  2. 19".    Stroke  =  30''. 
Piston  displacement :  H.  E.  =  3.495  cu.  ft.  ;  C.  E.  =  3.430  cu.  ft. 
Clearance  in  ^  P.  D.  :  H.  E.  =  10.4 ;  C.  E.  =  10.9. 
Engine  constant :  H.  E.  =.01525  ;  C.  E.  =.01497. 

Low-Pressure   Cylinder. 

Dia.  of  piston  =  24.063".    Dia.  of  piston  rod  =  2. 1 6".    Stroke  =  30". 
Piston  displacement :  H.  E.  =  7.894  cu.  ft. ;  C.  E.  =  7.831  cu.  ft. 
Clearance  in  ^  P.  D. :  H.  E.  =  12.18 ;  C.  E.  =  12.27. 
Engine  constant :  H.  E.  =  .0345;  C.  E.  =  .03417. 


Him  Tests. 


245 


Tbst  Numbbk. 


Duration  of  test,  minutes 
Total  number  of  revolutions 
Revolutions  per  minute    .     . 


Steam  consumption  during  test,  pounds 

Passing  through  cylinders      .     . 

Condensation  in  h.  p.  jacket .     . 
in  receiver  jacket 
in  L  p.  jacket  .    . 

Total 


Condensing  water  for  test,  pounds 
Priming,  by  calorimeter    .... 


Temperature,  Fahrenheit : 

Condensed  steam 

Condensing  water,  cold 

Condensing  water,  hot 

Pressure  of  the  atmosphere,  by  the  ba- 
rometer, pounds  per  square  inch   . 
Boiler  pressure,  pounds  per  square  inch, 

absolute 

Vacuum  in  condenser,  inches  of  mercury. 

Events  of  the  stroke,  per  cent : 

High-pressure  cylinder  — 

Cut-off,  crank  end  .    . 
head  end   .     . 
Release,  both  ends     .    . 
Compression,  crank  end 
head  end 

Intermediate- pressure  cylinder — 

Cut-off,  crank  end  .     . 

head  end  .     . 

Release,  both  ends    .     . 

Compression,  crank  end 

head  end 

Absolute   pressures  in  the  cylinder, 
pounds  per  square  inch : 

High-pressure  cylinder  — 

Cut-off,  crank  end  .     .     , 

head  end    .     .     . 

Release,  crank  end     .     , 

headend  .     .     . 

Compression,  crank  end 

head  end  . 

Admission,  crank  end 

head  end .    . 


V. 


60 
4,980 
83.00 


1,009 
51.1 
70.4 
97.2 

1,227.7 
17.924 


VI. 


VII. 


VIII. 


IX. 


60  60 
4.978  4,929 
82.96    82.15 


980.51.120.0 
47.8  50.0 
63  4    104.0 

97.2      82.2 

I 

1.18891.356.2 

I 
16,%2  19,091 


60 
4,937 1 
82.28 


60 
4.878 
81.30 


1.4%     1.4%'     1.4% 


86.4 

48.6 

107.2 


133.5 
25.4 


20.4 

21.0 

100.0 

66 

11.3 


18.6 

20.0 

100.0 

1.7 

2.5 


122.3 
123.5 
35.8 
35.0 
37.4 
41.5 
83.6 
94.3 


86.5 

49.1 

112.1 


133.8 
24.8 


19.7 

20.5 

100.0 

6.8 

11.0 


18.6 

20.3 

100.0 

1.6 

2.3 


123.9 
126.0 
36.0 
34  8 
366 
41.7 
70.5 
92.0 


88.9 

51.7 

1128 


14.8      14.8      14.8 


133.8 
24.0 


25.4 

27.7 

100.0 

6.1 

10.8 


19.3 

17.2 

100.0 

1.3 

2.4 


123  2 

124  1 
439 
42.4 
49  8 
51.7 
97.2 

117.6 


l,102.0l  816.0 

48  3  412 

99.6  82  5 

79.4  62 1 

1,329.3  1.001.8 

! 

19,106'  19,274 
1.4%'    0.9% 


88.5 

52.0 

113.0 

.   14.8 

133.8 
23.8 


24.8 

27.0 

100.0 

6.6 

11.0 


18.1 
20.1 

100.0 

2.2 

3.3 


123.0 
123.8 
44.2 
42  8 
49.4 
53.0 
87.3 
112.8 


81.1 
53.4 
98.8 

14.7 

113.9 
24.1 


20.4 

15.8 

100.0 

6.5 

10.5 


26.0 

26.0 

100.0 

1.5 

1.5 


X. 


104.4 
104.0 
33.3 
26.8 
33.6 
33.1 
92.8 
95  1 


60 
4,9C3 
81.72 


XI. 


60 
4,826 
80.43 


XII. 


60 

4,818- 
80.03 


725.8    969  5    9730 


43.5 
74.0 
58  7 


42  4  42  4 
92 1|  94.9" 
62  1      65.5 


902.0 1.166.1 1.175.8. 


19,070 
0.6% 


78  6 
53.4 
94.3 

14.4 

113  6 
23.7 


17.1 

12.1 

100.0 

6.5 

10.5 

26.0 

26.0 

100  0 

1.5 

1.5 


1010 
100.4 
30  3 
25.2 
30.1 
32.4 
94.4 
94.8 


22  755  22582 
1.1%,     1.2% 


83.1 
53.6 
99.1 

14.5 

113.8 
250 


25.6 

24.6 

100.0 

6.5 

10.5 

26.0 

26.0 

100.0 

1.5 

1.5 


105.5 
105.2 
38.0 
34.8 
39.8 
40.7 
74.5 
865 


83.8- 
54.0 
99.7 

14.6 

114.0- 
24.3 


25.4- 

25.1 

100.0 

6.5 

10.5 

26.  Q 

26.a 

100.0 

1.5 

1.5 


105.2: 
105.1 
35.7 
34.0 
37.7 
41.4 
86.7 
86.S 
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Intermediate-pressure  cylinder  -^ 

Cut-off,  crank  end 

head  end 

Release,  crank  end      .     .     .     . 
head  end 


Compression,  crank  end 
head  end 

Admission,  crank  end 
head  end  . 


Heat  equivalents  of  external  work,  B.  T.  U. 
from  areas  on  indicator  diagram  to  line  of 
absolute  vacuum : 

High- pressure  cylinder  — 

During  admission,  A  JVa,  crank  end 

head  end 

During  expansion,  A  W^,  crank  end 

head  end 

During  exhaust,  A  We,  crank  end  . 

head  end  . 

During  compres'n,  A  IVd,  crank  end 

head  end 

Intermediate- pressure  cylinder  — 

During  admission,  A  IVa,  crank  end 

head  end 

During  expansion,  A  IVt,  crank  end 

head  end 

During  exhaust,  A  IVg,  crank  end  . 

head  end    . 

During  compres'n,  A  IVd,  crank  end 

head  end 

Quality  of  the  steam  in  the  cylinder.  At 
admission  and  at  compression  the  steam 
was  assumed  to  be  dry  and  saturated : 

High-pressure  cylinder  — 

At  cut-off jci     .     .     . 

At  release ^2    .     .     . 

Intermediate- pressure  cylinder  — 

At  cut-off x\    ,     ,     , 

At  release x^     ,     ,     . 


V, 


VI. 


32.7 
31.6 

9.1 
8.6 

46 
5.4 

30.5 
30.8 


VII. 


2.54 
284 

468 
4.81 

3.18 
3.32 

0.34 
0.71 


32.2 
31.6 

86 
8.9 

59 
6.2 

33.3 
30  2 


2.13 
2.32 

3  95 
3.86 


2.43 
277 

4.64 
484 

3.05 
3.37 

0.32 
0.70 


2.20 
2.30 

3.88 
3.89 


103 

1.13 

1.09 

1.33 

0.09 

006 

0.13 

0.12 

73.28 

75.04 

83.50 

85.88 

76.02 

77.02 

VIII. 


39.0 
40.5 

11.0 
10.0 

6.0 
7.6 

45.4 
44.7 


3.26 
3.76 

494 
4.93 

3.93 
3.99 

043 
0.87 


2.65 
2.31 

4.82 
4.92 

1.50 
1.30 

0.10 
0.21 


82.%    83.08 


77.68 
88  50 


78.98 
86  34 


41.9 
38.4 

11.0 
103 

5.0 
6.5 

37.9 
32.2 


3.16 
3.71 

4.92 
4.94 

3.92 
4.02 

0.40 
088 


2  51 
2.64 

4.89 
4.57 

1.47 
1.29 

0.11 
0.17 


IX. 


76.92 
90.16 


83.97 
89.48 


22.8 
24.0 

8.3 
7.9 

3.5 
4.4 

23.3 
23.5 


XL 


XII. 


2.20 
1.84 

408 
4.00 

2.47 
2.62 

0.35 
0  52 


2.14 
219 

296 
308 

1.12 
0.99 

0.06 
0.06 


69.4 
86.8 


77.8 
93.2 


21.5 
20.1 

8.0 
7.3 

35 

4.2 

19.4 
205 


1.84 
1.39 

390 
3.67 

2.25 
2.37 

0.33 
0.51 


65.6 
90.6 


78  2 
98.4 


27-9 
29.0 

10  0 
94 

33 
38 

265 
27.9 


273 
29-3 

100 
9.5 

39 
46 

282 
276 


2.29 

288 

4.15 
4.27 

2.94 
309 

0.36 
0.62 


2  10 
2.08 

2.77 
280 

1.16 
1.02 

0.04 
0.05 


73.5 
86.7 


788 
93.1 


280 
2.% 

4.22 
436 

3.(H 
294 

039 
049 


2.53 
2.64 

3.78 

345 

1.06 
0.93 

0.06 
0.09 


2.60 
269 

3.50 
3.59 

1.09 
1.02 

006 

aio 


73.7 
94.1 


77.8 
92.0 
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Interchanges  of  heat  between  the  steam 
and  the  walls  of  the  cylinders  in  B.T.U. 
Quantities  affected  by  the  positive  sign 
are  absorbed  by  the  cylinder  walls; 
quantities  affected  by  the  negative  sign 
are  yielded  by  the  walls : 

High-pressure  cylinder  — 

Brought  in  by  steam  .  Q  . 

During  admission  .  .  Qa 

During  expansion   .  .  Q^ 

During  exhaust  .     .  .  Qc 

During  compression  .  Qj 

Supplied  by  jacket .  .  Q/ 

Lost  by  radiation    .  .  Qg 

First  intermediate  receiver  — 

Supplied  by  jacket .    .    Qjj^   . 
Lost  by  radiation    .     .    Qfj^  %  . 

Intermediate-pressure  cylinder  — 

Brought  in  by  steam  .  Qf . 

During  admbsion   .  .  Q',, 

During  expansion   .  .  Q^t 

During  exhaust  .     .  .  Q'c 

During  compression  .  Q'j 

Supplied  by  jacket  .  .  Q'j 

Lost  by  radiation    .  .  Q^g 


Total  loss  by  radiation : 

By  preliminary  test 
By  equation  .     .     . 


2^. 


Power  and  economy : 

Heat  equivalents  of  works  per  stroke: 

High- pressure  cylinder  A  JV  .     . 
Int.-pressure  cylinder     A  W  .     . 


Totals 


Total  heat  furnished  by  jackets  .     . 

Distribution  of  work : 

High-pressure  cylinder    .... 
Intermediate-pressure  cylinder  .     . 

Total  horse-power 

Steam  per  horse-power  per  hour    . 

B.T.U.  per  horse-power  per  minute, 

B.T.U.  per  horse-power  per  minute, 

2  pounds  absolute 


V. 


119.2 

27.3 

—15.7 

—14.8 

0.8 

4.4 

2.1 


6.0 
1.5 


118.7 

24  8 

—11.7 

—20.2 

0.1 

8.4 

3.3 


7.0 
10.0 


VI. 


7.31 
9.93 


115.8 

24.8 

—16.1 

—11.6 

08 

4.1 

2.1 


5.5 
1.5 


114.6 

24.3 

—10.8 

—18.9 

0.1 

8.4 

3.3 


VII. 


7.0 
4.5 


7.24 
9.44 


133.7 

25.3 

—18.4 

—10.4 

LI 

4.3 

1.8 


9.0 
1.3 


136  2 

29.5 

—14.5 

—19.4 

0.1 

7.1 

2.8 


VIII. 


5.9 

7.7 


7.67 
11.60 


17.24 1    1668    19.27 

I 

18.8    I    18.0  '    204 


131.1 

25.6 

—21.1 

—80 

1.0 

4.2 

1.8 


8.7 
1.3 


133.4 

231 

—12.4 

—14.7 

0.1 

6.7 

2.8 


IX. 


5.9 
7.3 


7.52 
11.57 


1909 
19.6 


LOO 

1.36 

6655 

18.45 

318  9 

316.2 


100      1.00      1.00 

132      1.48      1.53 

66  28    74  63'    7453 


17.95     18.17 
309.5    311.8 

304.8    305.0 


17.81 
306  0 

299.1 


98.5 

26.5 

-19.1 

199 

0.6 

3.7 

1.9 


7.4 
1.6 


99.8 

22.3 

—16.6 

—11.7 

—0.5 

5.5 

3.3 


6.8 

7.2 


X. 


6.16 
8.07 


14.23 
16.6 

LOO 

1.28 

54.12 

18.49 

3183 

309.4 


87.4 

27.1 

-23.1 

-15.8 

0.6 

3.9 

1.9 


6.6 
16 


88.9 

20.0 

-18.6 

—7.6 

0.01 

5.2 

3.3 


6.8 
7.3 


XI. 


5.34 
7.49 


1283 
15.7 

LOO 

1.38 

49.15 

18.35 

316.1 

307.1 


118.1 

269 

—18.2 

—23.6 

0.8 

3.8 

1.7 


83 
L8 


119.5 

24.9 

—186 

—126 

0.07 

5.6 

3.4 


XII. 


6.8 
6.2 


7.07 
10.26 


17.33 
17.7 

1.00 

1.42 

64.83 

17.99 

312.4 

310.5 


1186 

266 

—26.0 

—15.4 

0.7 

38 

1.7 


8.5 
1.8 


119.9 

25.7 

—18.5 

—14.0 

0.06 

5.9 

3.4 


6.8 
7.0 


7.48 
10.11 


17.59 
18.2 

1.00 

1.47 

64.92 

18.12 

312.6 

307.5 
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Explosive  Mixtures  at  Atmospheric  Pressure. 

The  gas  apparatus  described  in  Vol.  XI  of  the  Technology  Quar- 
terly^ p.  187,  having  been  replaced  by  one  permitting  the  investigation 
of  explosive  mixtures  under  varying  initial  pressure,  a  brief  r^suni6 
will  be  given  of  the  results  already  obtained  at  atmospheric  pressure. 

In  1890,  Messrs.  John  W.  Glidden  and  Atherton  Loring  experi- 
mented upon  a  gas  of  the  following  composition  by  volume : 


Illuminants 

Marsh  gas 

Hydrogen 

Carbonic  oxide 

8.03% 

33.15% 

43.85% 

9.47% 

Nitrogen 

Oxygen 

Carbon  dioxide 

3.59% 

1.91% 

They  obtained  these  results : 


Proportion   of    gas   in 
mixture. 

i 

a 

I 

6 

'S 

• 

8 

V 

E 

H 

First  0.2  Sbcond. 

Maximum  pressure. 

0.2  Sbcond  aftbk  ] 

Maximum  Prbssurb. 

(Maximum  pressure  + 
final  pressure)  —-  (>  X 
proportioa  of  gu). 

Area.    (Sq.  in.) 

Mean  pressure 
(Lbs.  per  sq.  in.) 

Mean  pressure  -7- 
proportion  of 
gas. 

Area.    (Sq.  in.) 

Mean  pressure. 
(Lbs.  per  sq.  in.) 

• 
Mean  pressure  -f- 
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A  second  series  of  investigations  by  Messrs.  William  A.  Johnston 
and  Oscar  F.  Sager,  in   1892,  gave  the  following  results: 
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It  should  be  stated  that  the  values  published  in  the  Technology 
Quarterly,  Vol.  XI,  p.  189,  are  averages  based  upon  several  inde- 
pendent experiments  upon  mixtures  having  the  same  composition. 
The  mixtures  were  made  by  students,  under  the  supervision  of  Mr. 
Johnston.  The  composition  of  the  gas  was  essentially  the  same  as 
that  used  during  the  present  year. 


The  cylinder  in  which  the  explosions  were  made  was  of  cast  iron 
7  inches  in  diameter  by  8^j  inches  high.  This  being  nearly  identical 
in  size  with  the  one  used  by  Mr.  Clark,  makes  possible  an  interesting 
comparison  between  his  results  and  those  given  here.  Figure  I 
shows  these  results  obtained  with  illuminating  gas.  The  points  of 
each  set  of  observations  have  been  connected  by  lines  to  aid  the  eye. 
The  general  character  of  the  results  is  the  same,  the  specific  dififer- 
ences  undoubtedly  being  due  to  the  differences  in  the  compositioa  of 
the  various  gases. 
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Figure  2  shows  a  group  of  indicator  cards.  For  the  sake  of  clear- 
ness, only  those  are  given  which  do  not  intersect  in  their  expansion 
lines.  After  the  maximuni  pressure  has  attained  a  certain  value,  any 
further  increase  is  accompanied  by  an  increase  in  the  rate  of  cooling, 
so  that  although  a  mixture  containing  15.4  per  cent,  of  gas  gives  the 
.greatest  maximum  pressure  (see  results  for  1900),  a  mixture  contain- 


ing only  from  9  per  cent,  to  10  per  cent,  gives  the  greatest  average 
pressure  for  the  first  fifth  of  a  second. 

Mr,  Clark  computes  the  total  pressure  on  the  "  piston  "  by  taking 
the  average  pressure  equal  to  one-half  the  maximum  pressure  plus 
one-half  the  final  pressure.  Figure  2  shows  that  such  an  assumption 
on  our  part  would  introduce  a  large  and  variable  error.  The  following 
table  shows  the  magnitude  and  variableness  of  this  error  for  three 
different  sets  of  observations  : 
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In  the  tables  above,  the  mean  pressures  are  based  upon  the  actual 
areas,  as  measured  with  an  Amsler  planimeter. 

This  year  another  series  of  experiments  upon  the  gas  furnished  by 
the  city  has  been  made  by  the  fourth-year  students,  under  the  super- 
vision of  Mr.  C.  W.  Berry.  The  gas  varied  considerably  from  day  to 
day,  and  this  fact  undoubtedly  accounts  for  most  of  the  discrepancies 
which  may  exist  among  the  results.  A  good  average  value  for  the 
gas  is  the  following : 


Illuminants,  12.0%. 
Carbonic  oiide  (CO),  25.3%. 
Carbon  dioxide  (CO,},  1.9%. 


vsis  Of  Boston  Gas,  1900. 
Methane  (CH,),  ZS.9%.  Hydrogen,  (Hi)  27.9%. 

Nitrogen  (N,),  3.0%.  Oxygen  (Oj).  1-0%. 

Total,  100.0%. 
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Figure  3  shows  the  variations  in  the  time  of  explosion  and  in  tt 
maximum    pressure  as  the   percentage  of   composition  varies.     It 
interesting  to  note  that    the  quickest   explosion   gives  the  maximu' 
pressure. 

In  1899  Messrs.  Churchill  and  Clark  made  an  experimental  dete 
■mination  of  the  speed  variation  of  the  36  H.  P.  Otto  gas  engine  in  tl 
laboratory,  and  found  a  maximum  variation  of  4.4  per  cent,  betwet 
the  speed  of  the  flywheel  at  different  parts  of  the  stroke. 

The  variations  in  the  time  of  explosion  of  various  mixtures,  ar 
the  fact  that  the  explosion  occurs  in  a  gas  engine  at  a  definite  fra 
tion  of  a  revolution  before  the  beginning  of  the  stroke,  make  it  advi 
able  to  find  the  explosive  force  for  different  mixtures  for  the  first  fif 
of  a  second  as  well  as  for  the  fifth  of  a  second  beginning  at  the  ma 
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Imum  pressure,  as  the  stroke  of  a  gas  engine  is  completed  within  one- 
fifth  of  a  seconci.  All  of  the  results  have  been  correspondingly  com- 
puted. Fiyiures  4,  5,  and  6  show  the  changes  in  the  relative  values  of 
the  different  mixtures  from  these  two  standpoints. 


What  is  regarded  as  the  most  powerful  mixture  will  depend  upon 
whether  we  consider  the  one  or  the  other  case.  For  illuminating  gas 
the  maximum  value  for  the  first  fifth  of  a  second  is  obtained  with 
about  2  per  cent,  less  of  gas  in  the  mixture  than  for  the  fifth  of  a 
.second  after  maximum  pressure.     In  Figure  6,  for  example,  the  most 
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Is 

II 


powerful  mixture  contains  in  the  one  case  8.5  per  cent.,  in  the  other 
10.5  per  cent.  gas.  Since  in  practice  the  piston  of  a  gas  engine 
reaches  the  commencement  of  its  stroke  somewhere  between  the 
moment  of  explosion  and  the  attainment  of  maximum  pressure,  a  mix- 
ture containing  about  9  per  cent,  appears  the  most  powerful. 

The  following  series  of  observations  upon  mixtures  of  acetylene 
and  gasolene  with  air  were  made  by  Mr.  Arthur  H.  Brown,  in  1899. 
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Tests  on  a  36  H.  P.  Otto  Gas  Engine. 

Dimensions. 

Diameter  of  cylinder,  11.25";  length  of  stroke,  18.0";  clearance, 
38.74  per  cent,  of  piston  displacement. 

This  engine  is  about  four  years  old,  but  has  been  run  altogether 
only  about  2,000  hours.  All  parts  are  in  excellent  condition.  The 
power  developed  was  calculated  from  indicator  cards,  taken  at  inter- 
vals of  five  minutes  during  a  test.  The  reducing  motion  used  in  con- 
nection with  the  indicator  was  such  as  to  give  a  correct  reproduction 
of  the  piston  travel,  and  also  to  make  unnecessary  the  use  of  a  long 
cord. 

The  gas  used  was  the  ordinary  illuminating  gas  supplied  in  Boston, 
the  heat  of  combustion  being  about  770  B.T.U.  per  cubic  foot.  An 
analysis  of  the  gas  gave  the  following  results  : 

Carbon  dioxide  (CO2),  19%.       "Illuminants  "  (hydrocarbons),  12.0%.      Oxygen  (O),  1.0%. 
Carbonic  Oxide  (CO),  25.3%.       Methane  (CH4),  289%.  Hydrogen  (H),  27.9%. 

Nitrogen  (N),  3  0%.  Total,  100.0%. 

This  gas  was  measured  by  a  300-light  dry  meter.  Readings  of 
the  meter  were  taken  every  five  minutes  during  a  test,  and  the  rate 
of  consumption  was  found  to  be  very  uniform  during  any  one  test. 

The  power  developed  was  absorbed  by  an  automatic  regulating 
friction  brake,  located  some  50  feet  from  the  engine.  This  brake  was 
used  to  absorb  power,  and  no  attempt  has  been  made  in  these  tests 
to  find  the  commercial  horse-power,  all  values  given  being  based  on 
indicated  horse-power. 

The  weight  of  the  cooling  water  and  its  rise  in  temperature  were 
noted  for  each  test.  It  was  found  that  from  20  to  25  per  cent,  of  the 
heat  of  combustion  of  the  gas  was  carried  away  by  the  cooling*  water. 

Revolution  counters  were  attached  to  the  main  shaft  aji^  to  the 
gas-admitting  valve.  A  400-pound  spring  was  used  in  the  y'jj,  engine 
indicator. 

The  value  of  n  in  the  exponential  equation  P  F'"  ==  P^  V{"  was 
calculated  for  the  expansion  line  of  each  set  of  indicator  diagrams. 
To  do  this,  the  clearance  of  the  engine  in  per  cent,  of  the  piston  dis- 
placement (which  was  in  every  case  the  volume  at  the  beginning  of 
expansion),  the  per  cent,  of  the  stroke  at  which  the  exhaust  valv^ 
opened,  and  the  absolute  pressures  at  these  two  points  were  used. 


■I  j6  H.  P.   Otto  Gas  Engine. 
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The  theoretical  efficiency  of   the   engine,  as  calculated  from  the 
formula, 

Efficiency  ^\-  (  votu'ne  at  end  of  compression  \ -^  ^ 

\ volume  at  beginning  of  compression/ 

This  is  the  same  for  all  loads. 

The   actual    thermal    efficiencies  for  this  set  of   tests  are  shown 
graphically  by  the  accompanying   plots,  Figure  7,  the   ordinates  for 
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52.1 

333.^ 

Mar. 

15 

236.9 

388 

95  24 

164  0 

95.0 

3460 

50.0 

60,0 

346.0 

Mar. 

16 

2282 

30.6 

95-35 

»37-o 

96.4 

306.4 

44-3 

55  7 

306.4 

Mar. 

16 

228.8 

19.5 

88.10 

88.0 

96.9 

260.0 

430 

52.  r 

360.0 

Mar. 

20 

226.7 

504 

Q3.IO 
89.90 

212.5 

98.0 

3029 

476 

52.6 

303.9 

Mar. 

20 

224.4 

63.8 

262.0 

303.0 

40  0 

530 

303.0 

Mar. 

22 

222.4 

75.0 

9760 

340.0 

957 

303.4 

456 

564 

303.4 

Mar. 

22 

227.0 

45-5 

95  23 

187.0 

959 

324.2 

47.0 

55  4 

324.* 

Mar. 

23 

221  6 

103.5 
50.8 

90  31 

475-0 

954 

309.0 

48.0 

5«-4 

309.0 

Mar. 

23 

226.4 

95-22 

208.0 

96.3 

320  0 

54  9 

330.0 

Mar. 

26 

221.6 

873 

98.43 

415.0 

95.0 

331.0 

48.0 

47.0 

33«.o 

Mar. 

26 

2266 

50-3 

9^-44 

212.0 

96.4 

320.1 

47.1 

56.4 

330.1 

Mar. 

27 

222.6 

76.1 

88.99 

334  5 

96.1 

311. 1 

46.9 

S4  « 

311. 1 

Mar. 

29 

223  9 

64.1 

98.14 

271.5 

961 

331  I 

443 

543 

331." 

Mar 

29 

227.0 

46.4 

9580 

195.5 

95.^ 

320.6 

50.0 

520 

330.6 

Mar. 

30 

227.6 

33-9 

93  05 

14.1-5 

95  « 

3T07 

461 

530 

310.7 

Mar. 

30 

226  4 

42.3 

92  74 

1685 

95.6 

308.0 

43.8 

553 

308.0 

Apr. 

2 

222  6 

750 

95  30 

312.0 

980 

312,1 

51.0 

520 

313. 1 

Apr. 

3 

227.6 

40.4 

96  30 

1685 

97.1 

324  <> 

43  0 

56.0 

334.6 

Apr. 

3 

227.8 

37  5 

8q  20 

158.0 

96.0 

305  4 

43.7 

50.9 

3054 

Apr. 

3 

221.5 

93.1 

8S  56 

37'  0 

95  7 

2g5-7 

43.7 

44-9 

295.7 

Apr. 

5 

230.9 

4'  3 

9'>.o6 

»77  5 

97  3 

3M-9 

45  7 

56.0 

3M.9 

Apr 

9 

2386 

30.9 

91  «/) 

93  0 

94.6 

3906 

47 » 

54  3 

390.6 

Tests  on  a  36  H,  P,  Otto  Gas  Engine, 
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the  lower  curve  being  efficiencies  and  the  abscissae  I.H.P.  The- 
upper  plot  is  constructed  by  using  efficiencies  as  ordinates,  and  the 
ratio  of  total  revolutions  to  working  strokes  as  abscissae. 

By  referring  to  the  column  in  the  table  giving  cost  per  I.H.P.  per 
hour  (based  on  the  price  of  gas  as  ^i.oo  per  1,000  cubic  feet),  it  will 
be  seen  that  one  indicated  horse-power  costs  about  $.02  per  hour. 

TESTS    ON   OTTO   GAS    ENGINE,  tiyto, —  CcnebuUd. 


Datb. 


Feb.  8 

Feb.  8 

Feb.  9 

Feb.  la 

Feb.  la 

Feb.  13 

Feb.  13 

Feb.  15 

Feb.  t6 

Feb.  16 

Feb.  19 

Feb.  19 

Feb.  20 

Feb.  ao 

Feb.  33 

Feb.  as 

Feb.  a6 

Feb.  a6 

Feb.  a? 

Feb.  a7 

Mar.  I 
Mar. 
Mar. 
Mar. 
Mar 
Mar. 

Mar  . 

Mar.  8 

Mar.  9 

Mar.  12 

Mar.  13 

Mar.  15 

Mar.  15 

Mar.  t6 

Mar.  16 

Mar.  ao 

Mar.  20 

Mar.  aa 

Mar.  aa 

Mar.  a3 

Mar.  as 

Mar.  a6 

Mar.  a6 

Mar.  aj 

Mar.  a9 

Mar.  39 

Mar.  30 

Mar.  30 

Apr.  a 

Apr.  3 

Apr.  3 

Apr.  3 

Apr.  5 

Apr.  9 


I 

% 
2 
5 

5 

6 


i 


7.66 
8.09 
8.05 
8.1a 
7.98 
8.03 

6.I4 
j.*o 

6.74 
8.17 
8.09 

7-95 

13.89 
to.o6 

18.84 

aa.05 

3a.i4 

14.46 

37.68 

38.79 

36.41 

9.44 

9.58 

35.81 

9.03 

39-85 
30.86 

30.97 

27-31 
23.41 

16.69 

13.17 

7-75 
20.97 

35.93 

3308 

«9-57 
43.18 
31.86 

38.78 
ai.93 
30.60 
a8.4§ 
30.08 

14.15 
17.7a 
3a.  39 
17.56 
15.10 
36.85 

»7.95 
8.67 


•Si 

5  ..a 

o 


33.18 
ao.54 

30.14 
30.19 
ao.31 

19.69 
31.43 
31.63 
19.85 
31.38 

30.08 
30.50 
31.13 

19.43 

2o.a8 
20.18 
18.51 
18.53 

19.54 
18.93 
30,49 
ai«oi 

30. 13 

30.57 
31.77 
30.73 

21-95 
23-54 

31. 01 
21.30 
18.97 
ao.67 
19.64 

ao.8i 
33.73 
20.26 
20.21 
20.56 
19.  II 
22.52 
19.03 
a  1.40 
18.88 
31.86 
19.08 
19.46 
ao.14 
19.01 
19.33 
19.19 
30.93 
30.13 
19.78 
31.38 


sl 

ii 


-o\ 
X 


19,500 
20,570 
30,460 
30,660 
30,300 
20,430 
19,120 
17,430 
18,300 
17,140 
30,780 
30,600 
30,340 
35.340 
48,560 
47.940 
56,100 

56,330 
63,370 
70,460 
73.280 
92.530 
24.040 
24.380 
91,300 
32,950 
101,400 
101,400 
97.400 
78,830 
69,500 
59.580 
42.490 
33,520 
19,730 
53.380 
65,970 
84,220 
49.820 
107,400 
55.630 
98,700 
55.800 
77.870 
72,410 
51,120 
36,270 
45.  "o 
82,310 
44.700 
38,430 
93.800 
45.660 
22,140 


c 

>  o^^ 


130,900 
137,800 
124,800 
136,300 
124,700 
121,700 
124,000 
114,000 
111,100 
110,900 
126,300 
127,800 
129,300 
207,600 
298,000 
392,600 

3 « 4,200 
315.700 
368,100 
403.400 
454.300 
588,300 
146,300 
151.700 
600,600 
144,000 
672,200 
722,300 
619,100 
508,200 
398,800 
372,700 
252,500 
211,000 
«35.5oo 
327,300 
403.400 
533,600 
388,000 
731.400 
330.300 
639,300 
318,800 
515,100 
418,100 
301,100 
221,000 
259.500 
480,500 
259.500 
243.300 
57».4oo 
273.300 
143.200 


V 

H 


14.90 
16.09 
16.39 
16.37 
16.38 
16.79 
15.42 
15.39 
16.65 
15.46 
16.46 
16.13 
15.64 
17.03 
16.39 

«6.39 
17.85 
17.84 
16.93 
17.46 
16.13 

»5  73 
16.43 
16.07 

15  18 

«5-94 
15.09 
14.05 

«5.73 

15.5a 
17.43 

»5-99 
16.83 

15.88 

1455 

16  31 

16.35 
16.08 
17-30 
14.70 

17.37 
X5.44 
17.50 
15.13 

17-32 
16.97 
16.42 

17.39 
17.11 
17.23 
15.80 
16.42 
16.70 
15.46 


O  « 


1 


o 


Q  O  O 


& 


11.71 
It.93 

II.2I 

II. 91 
11.78 

ia.54 
12.19 

13' 14 
13.11 
13.83 
11.40 
10.91 
ix.s8 
6.76 

495 
4.68 

4-3a 
4.31 

3.97 
3.46 
3.07 

2.37 
10.09 

8.76 
3.38 
9.89 
3.08 
3.16 
3.51 

3.93 
3  63 
4.39 

5-85 

7-47 
11.76 

450 


3-52 
2.97 
4-99 
3.14 
4.46 

2-54 
4-51 
2.93 

3-49 
4.89 
6.71 

535 

3.97 

5-63 
6.08 
a.  40 

5-59 
10.91 


ft*:  - 

5  J  8. 


3.33 

3.05 

a.oi 
a.oa 
3.03 
1.97 
3.14 
3.16 
1.99 
a.  14 
3.01 
a.05 
3. II 

1.94 

3.03 
3.03 
1.85 
1.85 

«.95 
1.89 
3.05 
a.  10 
a.ox 
3.06 
3.18 
3.07 

3.30 

a.35 

3. 10 
3.13 
1.90 
3.07 
1.96 

3.o8 
3.37 
3.03 
3.02 
2.06 

1.91 

2.25 
1.90 
3.14 
1.89 

2.19 
I.9I 

1.95 

3.01 

1.90 
1.93 
1.9a 

3.09 
3.01 
1.98 

2.14 


11  £ 

^  in  n 

•Z'J 

«.>  e 

•a  0*8 

> 


".35 
1.3a 

1.31 
1.41 
1.3a 
1.36 
1.3a 
1.31 

1.37 
1.30 

1.34 
1.37 

1.31 

1.34 

1.39 
1.40 

J.34 
1.44 
1.36 

1.30 
1-36 

1.31 
X.28 
1.28 
1.40 
1.28 
•36 
37 
.34 
.39 
.36 
.37 
39 
.36 
1.26 

1.31 
39 
34 
37 
36 
34 
39 
1-35 
1.34 
1.4a 
1.33 
1-35 
1-37 

1.27 

1.41 

1-37 
1.34 

1.35 
1.39 
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Engine   Tests. 

The  tests  made  upon  the  Triple  Expansion  Engine  run  as  a 
compound,  the  low  pressure  cylinder  being  cut  out,  show  the  econ- 
omy of  this  engine  when  run  under  the  following  conditions  :  (i)  no 
jackets  on  cylinders,  and  none  of  the  heating  surface  of  the  reheater 
used  ;  and  (2)  no  jackets  on  cylinders  and  the  total  heating  surface 
of  the  reheater  used.  The  dimensions  of  this  engine  are  given  in 
-connection  with  the  Hirn  tests.  A  description  of  the  reheater  has 
also  been  given  in  the   Technology  Quarterly,  Vol.  XI,  No.  3. 

The  tests  on  the  Tandem  Compound  Engine,  which  has  the  high 
pressure  cylinder  only  jacketed,  and  a  coil  of  pipe  in  receiver,  show 
the  economy  of  this  engine  when  the  jacket  on  the  high  pressure 
cylinder  and  the  reheater  are  used.  The  dimensions  of  this  engine 
are  : 

High.  Low. 

Diameter  of  piston,  inches 11  19 

Diameter  of  piston  rod,  inches 1.63  2.13 

Stroke,  inches      .         . l.S 

The  heat  consumption  per  horse-power  per  minute  for  the  two 
engines  is  shown  by  the  plots  Figures  8  and  9. 

TESTS  ON  A  TRIPLE   EXPANSION    ENGINE.     (Low  pressure  cylinder  cut  out.) 


0  «> 

JTw 

1     M 

-    C   V 

8-r. 

0^1,  e 

.eg 

Water 

M 

0  0 

c 

Datb. 

■ 

h  c  to 

BY  Jackets 

e 
0 

9   V 

3 

a  . 
0 

9  ;;  5 

* 

V 

X 

Si. id 

to 

I  St  receiver  jacket. 
(Lbs.) 

11 

««T3  0 

> 

i 

1900. 

Mar.     2 

45-9 

21  0 

966 

•  ■  •  ■ 

82.2 

98.7 

24.2 

30-0 

Mar.     5 

47.0 

20.9 

984 

82.0 

99.4  . 

239 

30.1 

Feb.    23 

48.6 

20.6 

1,003 

82.2 

99.5 

23-8 

30.0 

Mar.     8 

52.2 

21.0 

1,100 

81.3 

99-3 

22.7 

30-a 

Mar.     6 

5>  3 

20.9 

1,070 

81.2 

99-4 

a3-7 

30.1 

Mar.     I 

57.0 

19.9 

1,138 

81.4 

98.9 

24-5 

30.1 

Mar.    12 

60.1 

20.2 

1,212 

81.9 

99.4 

23-9 

30.1 

Feb.    27 

61.0 

19.9 

1,215 

81. 1 

97.8 

24.2 

30.2 

Mar.    19 

655 

19  6 

1,286 

8r.7 

98  8 

23-4 

30.1 

Mar.    16 

53-5 

19.9 

1,268 

81.6 

99-5 

23.7 

29.6 

Mar.    15 

67.0 

20.2 

1.35? 

80.9 

99.6 

24-5 

30.1 

Mar.   20 

69.1 

20.0 

1,381 

81. 1 

99-7 

23.8 

29.6 

Mar.    13 

71.2 

20.4 

i>454 

80.8 

99-4 

243 

30.1 

Apr.    27 
May    17 

46.2 

19.4 

792 

104 

847 

99.1 

24.4 

29.7 

47.6 

188 

792 

104 

85.1 

98.9 

25.9 

30  0 

May      3 

50.8 

19.5 

869 

118 

815 

96.9 

23.8 

29.4 

Apr.    23 

56.5 

ig.o 

970 

107 

83.4 

99-3 

255 

29.8 

Apr.    12 

55-9 

18.8 

964 

98 

83.1 

989 

25  4 

30. « 

Mar.    29 

57-7 

18.8 

995 

97 

82.9 

25.2 

29.7 

Apr.    30 

61.8 

19. 1 
18.9 

1,054 

125 

82.6 

99.2 

24.1 

29s 

Apr.      3 
May    10 

64.1 

1,097 

I  ti 

82.7 

09-3 

24.6 

29.9 

72.5 

17-5 

1,169 

97 

82.5 

9S.6 

24.6 

29.9 

Apr.      2 
May      8 

70.3 

18.3 

1.194 

9» 

81.7 

99.5 

24.7 

29.9 

74- « 

17.7 

1,208 

105 

82.0 

993 

24.9 

29.8 

Apr     17 

7»-3 

17.5 

1,186 

59 

82.1 

98.6 

25.2 

30.1 

Tklar.    26 

75.2 

17.7 

i,a57 

73 

81.3 

993 

24.1 

'         29.9 

Apr.      5 

77.2 

207 

1,347 

97 

81. 1 

99-4 

254 

29.9 
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TESTS  OS  A  TRIPI 


DAT* 

1 

1 

1 

i 

i 

1 

1 

i 

1 

a 

II 

.s.eJ 

J 

h 

X 

"1 

X 

Mi'". 

W-* 

16.8 

9>-S 

3-^3 

Mu.     J 

97.9 

'7-9 

88 

Hi 

P(b.   1} 

,6.9 

.1.8 

89 

0 

J1.T 

Uk.     » 

4S.t 

94 

31.9 

M».     6 

9?-t 

».o 

87 

) 

M-1 

Vu.     I 

W.8 

>S.4 

9' 

8 

JS-& 

Hu.   I) 

9!.. 

.6.7 

9" 

0 

,8.6 

P<b.   1; 

«-• 

>7-9 

88 

40.0 

U«.   <<» 

Wr 

i'* 

87 

9 

4'.1 

Uh.   a 

,«.■ 

9>-4 

88.8 

87.r 

tfar.   ■) 

,8., 

JS-o 

89-4 

sU 

Hit.  » 

9J-J 

J6-S 

89.4 

8^7 

Mv.   I) 

96.9 

40-1 

B8.0 

19.7 

Apt.    ij 

9J.B 

8,.. 

1I.S 

Mm    .7 

97.8 

».J 

9°.l 

1I.I 

Uiy     } 

9S.I 

17-4 

8S.7 

IJ.I 

Apr.    ., 

9S.fi 

18.6 

86.« 

IS.  I 

Apr.    » 

9«J 

».J 

910 

iKf 

H».   If 

9».J 

».J 

89-0 

1S.7 

Apr.    ,= 

95-7 

)}.> 

8s,6 

18.0 

Apt.      3 

9*4 

15.9 

8S.S 

»97 

M>r  - 

9«-- 

19.° 

90.4 

II.9 

Apr.       . 

W-9 

>!■> 

91.! 

>9-l 

u>r    i 

9».. 

JJ.O 

83.} 

J<M 

Apr.    .r 

9*-' 

J4.4 

Bj.a 

JI.4 

Uu.   i« 

97.9 

16.4 

9J.S 

17-7 

Apr.      J 

97.. 

4.. 

«-. 

"■' 
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TESTS  ON  A  TRIPLE  EXPANSION  ENGINE.    (Low  pressure  cylinder  cut  out.)  —  C««^/aM&<£ 
Intbrmbdiatb  Prkssurb  Cvunobk  Usbd  as  Low  Pkbssukb  Cylindbr. 


Datb. 

• 

1 

•mm 

a 
3-1 

1 

0 

0 

8 

! 

3 

CI 

1 

Pressure  at  com- 
pression. 

Per  cent,  of  steam 
in  cylinder  at  cut- 
off. 

Per  cent,  of  steam 
in  cylinder  at  re- 
lease. 

1 

i 

■ 

• 

•a 

s 

■ 

6.43 

X 

B.  T.  U.  per  H.  P. 
per  minute  actual 
vacuum. 

B.  T.  U.  per  H.  P. 
per  minute  re- 
duced   to   a   lbs. 
absolute. 

Mar. 

2 

18.0 

0.6 

—7.9 

—107 

359 

66.1 

6.18 

>5-7 

374.8 

363.3 

Mar. 

5 

2.6 

22.0 

0.4 

—8.2 

— 10.7 

41. 1 

62.0 

6.41 

6.10 

»5-5 

371.4 

357.3 

Feb. 

»3 

I.I 

27.0 

—0.8 

-7.8 

— 10.2 

43.0 

65.0 

6.69 

6.14 

15.9 

358.7 

353. » 

Mar. 

8 

5.6 

22.2 

2.6 

—7.1 

— 10. 1 

4»-4 

68.2 

7.47 

7-49 

18.4 

37«.o 

351.7 

Mar. 

6 

45 

23.0 

t.o 

-7-5 

—10.5 

40.4 

63.0 

7.86 

6.83 

18.0 

369.8 

355-8 

Mar. 

z 

7-7 

17.6 

4.7 

— 7.» 

—  II. 2 

38.9 

64.2 

9.II 

8.33 

21.4 

345-3 

348.4 

Mar. 

\A 

5-0 

29.0 

2.0 

—6.1 

—10.5 

44-9 

66.9 

8.84 

8.57 

21.5 

358.0 

348.7 

Feb. 

»7 

2.6 

36.5 

—0.3 

—6.8 

— II. I 

47.6 

61.8 

896 

8.19 

31.0 

354.4 

346.1 

Mar. 

19 

5.6 

32.5 

2.3 

-6.1 

—  10.7 

46.8 

63-3 

9  94 

9.66 

24.2 

348.0 

340.6 

Mar. 

i6 

10.7 

22.0 

6.0 

—5.9 

—10.5 

42.8 

62.7 

10.64 

10.36 

25.9 

355. « 

350.S 

Mar. 

IS 

12. 1 

21.5 

8.2 

—54 

— II. I 

43.6 

63.8 

II  44 

11.63 

28.2 

359.7 

353.4 

Mar. 

20 

14.1 

22.2 

8.4 

-6.3 

— 10.9 

43.9 

64.1 

12.31 

ia.52 

30.4 

356.2 

349-8 

Mar. 

'3 

»57 

22.5 

8.9 

-4.6 

— 10  6 

43.2 

64.0 

1315 

12.66 

3«.5 

363.7 

357.8 

Apr. 

27 

6.7 

27.0 

3.6 

—7-5 

1 1.4 

71.9 

86.6 

10.02 

9.70 

25.2 

3390 

330.5 

May 

17 

9.1 

22.2 

4-4 

—7-9 

— 12  2 

54.4 

730 

10.24 

10.29 

26.4 

330.5 

329.0 
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TESTS  ON  A   ii"-i9"xis"  TANDEM  COMPOUND   ENGINE. —  C^wf/M/ri/. 

Low  Prbssurb  Cylindbr. 
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6.75 
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7.63 
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9.13 
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• 
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5-57 

39.81 
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5.7* 
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31.86 

6.39 

33.66 

5.58 
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5.71 

30.69 

6.28 
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6.37 

33.1a 

6.59 

35.24 

6.33 

34.a9 

8.55 

45.34 

6.63 

34.58 

7-52 

40.31 

7.30 

38.56 

8  02 

41-99 

6.94 

35.98 

7.65 

40.70 

7.55 

40.03 

8.43 

44- » 5 

7.54 

39.66 

7.29 

38.44 

7.46 

3990 

9.09 

46.68 

9.16 

4831 

10.70 

56.39 

11.39 

58.66 

13. II 
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5I7.I 
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444-5 
435.3 
430.7 
4«9.7 

433  3 
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430.3 
406.3 
412.9 
400.1 
420.5 
392.0 
403.3 
381.9 
416.3 
393.6 
391.3 

379.3 

388.3 
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403.3 
389.2 
394.0 
380.1 
381.8 
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t-  k.  8  3 
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427.8 
438.1 
433.4 

424.7 
435.4 
419-4 
428.7 

42I.S 
427-3 
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406.7 
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383.0 
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396.7 
373.* 
405.3 
390.3 
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377.7 
383.2 
381.6 

3935 
377- « 
388.4 
375.8 
3823 
374.6 
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:2J2      Results  of  Tests  Made  in  the  Engineering  Laboratories. 

Injector  Tests. 

The  following  tests  were  made  on  a  Hancock  Locomotive  Inspi- 
rator, size  No.  4  C.  The  duration  of  each  test  was  30  minutes, 
observations  being  taken  at  intervals  of  3  minutes,  and  in  each  case 
the  inspirator  had  been  in  full  operation  for  some  time  before  the  start 
was  made.  The  pressures  in  the  steam  pipe  and  delivery  pipe  were 
measured  by  Bourdon  gauges,  and  the  lift  was  measured  directly  in 
feet.  The  weight  of  water  fed,  and  the  weight  discharged  were 
taken,  and  the  amount  of  steam  used  was  obtained  by  subtracting 
the  feed  from  the  discharge.  It  was  assumed  that  the  steam  con- 
tained I   per  cent,  of  moisture. 


HANCOCK  LOCOMOTIVE  INSPIRATOR,  NO.  4  C. 
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"5-9 

88.2 

108.3 

12.7 
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2,596.000 

95-3 

34 

S7-9 

»4S-9 
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6.7 

97-7 

1 12. 1 

13.4 
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Ejector  Tests. 

The  following  tests  were  made  on  a  Hancock  Ejector,  size  No.  6. 
This  ejector  has  an  iron  body,  and  is  fitted  with  a  i"  steam  supply 
pipe  and  2"  suction  and  discharge  pipes.  The  steam  nozzle  is  |''  in 
diameter.  The  tests  were  made  to  determine  the  capacity  and  effi- 
ciency of  the  ejector  for  pumping  water  out  of  a  cistern.  The  dura- 
tion of  each  test  was  thirty  minutes,  observations  being  taken  at 
intervals  of  three  minutes,  and  in  each  case  the  ejector  had  been  in 
full  operation  for  some  time  before  the  start  was  made.  The  amount 
of  steam  used  was  determined  by  placing  an  orifice  0.3516"  in 
diameter  between  the  ejector  and  the  boiler,  and  calculating  the 
flow  through  it  by  Napier's  formula.  The  two  steam  pressures  were 
measured  by  Bourdon  gauges ;  the  lift  and  the  discharge  head,  by 
mercury  columns  connected  to  the  suction  and  discharge  pipes.  The 
water  discharged  was  weighed  in  tanks.  It  was  assumed  that  the 
steam  on  the  boiler  side  of  the  orifice  contained  i  per  cent,  of 
moisture. 


HANCOCK  EJECTOR,  NO.  6. 
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as 

F» 

107.7 

68.3 

47  5 

19.4 

3.a 

3*3 

48.1 

7.340 

5,640 

.139 

1,007,000 

a6 

104.3 

84.5 

63.5 

13.7 

5-5 

411 

60.4 

7,250 

7.250 

.130 

1,009,000 

»7 

8a.  0 

loa.9 

66.3 

45-5 

18.8 

7-4 

341 

51.6 

9,000 

7,110 

.160 

1,345,000 
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At  the  present  time,  several  different  methods  for  the  measure- 
ment of  the  amount  of  suspended  matter  in  water  are  in  common 
use.  The  most  important  of  these  are  :  i.  The  Gravimetric  Method. 
2.  The  Wire  Method.  3.  The  Diaphanometer  Method.  4.  The 
use  of  Standards  of  Comparison.  In  addition  to  these  are  the  Disc 
Method  and  the  Photometer  Method,  the  former  applicable  only  to 
the  comparatively  clear  water  of  lakes  and  reservoirs,  and  the  latter 
too  complicated  for  ordinary  use. 

The  weight  of  the  suspended  matter  present  in  water  is  found  by 
taking  the  difference  between  the  total  solids  before  and  after  filtra- 
tion through  filter  paper  or  through  a  Pasteur  filter. 

The  wire  method,  brought  into  use  by  Hazen,^  consists  in  the 
observation  of  the  visibility  of  a  platinum  wire  lowered  horizontally 
into  the  water.  The  turbidity  scale  is  furnished  by  the  reciprocal  of 
the  depth  in  inches  at  which  the  wire  becomes  invisible. 

The  diaphanometer  is  an  instrument  devised  by  Hornung  and 
improved  by  Parmelee  and  Ellms,^  according  to  which  the  turbidity 
is  measured  by  noting  the  limiting  depth  of  liquid  in  a  tube  through 
which  an  image  at  the  bottom  can  be  discerned  under  standard  con- 
ditions of  illumination.  The  reciprocal  scale  is  used  as  in  the  case 
of  the  wire  method. 

The  use  of  kaolin  standards  of  comparison  was  suggested  by 
Mason,^  but  the  authors  have  found  that  finely  divided  silica,  obtained 
from   diatomaceous  earth,  is  more  satisfactory.     According  to  these 


'  Hazen,  Allen.    The  Filtration  of   Public  Water  Supplies.     3d  edition.     New  York : 
Wiley. 

'  Parmelee  and  Ellms.    On  Rapid  Methods  for  the  Estimation  of  the  Weight  of  Su» 
pended  Matter  in  Turbid  Waters.     Technology  Quarterly^  Vol.  xii,  No.  2,  June,  1899. 

'  Mason,  Wm.  P.     Examination  of  Water.    New  York :  Wiley. 
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methods  the  turbidity  of  the  water  is  estimated  by  comparing  it  with 
a  series  of  standards  of  varying  turbidity  in  glass  tubes,  the  stand- 
ards being  prepared  by  adding  definite  amounts  of  silica  to  distilled 
water,  and  the  results  expressed  in  parts  per  million  of  silica.^ 

These  four  methods  are  all  fairly  satisfactory,  but  each  one  has  its 
objections  and  its  limitations.  The  wire  method  is  the  simplest  and 
in  many  cases  the  most  practical,  but  its  results  are  only  approxi- 
mately correct,  and  its  use  is  limited  to  the  hours  of  bright  daylight. 
The  gravimetric  method  is  a  long  process,  and  requires  careful 
manipulation  and  accurate  weighing.  It  takes  no  account  of  the 
state  of  division  of  the  suspended  matter.  The  diaphanometer 
method  is  of  more  general  applicability,  but  it  demands  a  somewhat 
elaborate  apparatus  and  a  uniform  source  of  light.  The  use  of  silica 
standards  of  comparison  is  satisfactory  for  waters  of  low  turbidity, 
but  less  so  when  the  turbidity  is  very  high.  The  comparisons  cannot 
be  well  made  with  artificial  light. 

Each  of  these  methods,  therefore,  has  its  especial  field  of  applica- 
bility. The  wire  method  is  best  adapted  to  field  work  and  to  the 
study  of  the  turbidity  of  streams  where  a  single  daily  observation  is 
sufficient ;  the  diaphanometer  is  of  use  in  connection  with  the  opera- 
tion of  filters,  where  it  is  necessary  to  continue  the  observations 
through  the  night ;  and  the  method  of  comparison  with  standards  is 
suitable  for  general  laboratory  use.  It  is  neither  practical  nor  desir- 
able, therefore,  to  limit  in  any  way  the  use  of  these  various  methods, 
but  it  is  desirable  that  the  relations  that  exist  between  the  different 
methods  be  definitely  known.  The  great  importance  of  the  knowl- 
edge of  the  turbidity  of  our  American  streams  and  the  magnitude  of 
the  field  of  observation  render  it  imperative  that  some  standard  of 
turbidity  shall  be  universally  recognized.  Only  thus  can  the  results 
obtained  by  the  different  methods  be  made  comparable. 

Such  a  standard  must  be  one  that  is  permanent  and  capable  of 
exact  duplication  by  different  persons,  and  it  must  be  of  such  a  nature 
that  comparisons  may  be  readily  made  with  any  of  the  methods  now 
in  use.  The  scale  of  turbidity  must  be  a  uniform  one,  that  is,  the 
figures  that  express  the  turbidity  must  be  directly  proportional  to 
the  amount  of  suspended  matter  present  in  any  given  state  of  sub* 
division. 


'  Whipple,  G.  C,  and  Jackson,  D.  D.     Silica  Stapdards  for  the  Determination  of  the 
Turbidity  of  Water.     Technology  Quarterly^  Vol.  xii,  No.  4,  December,  1899. 
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With  this  object  in  view,  the  authors  have  carefully  studied  the 
methods  now  in  use  and  the  relations  that  exist  between  them,  and 
have  reached  the  following  conclusions : 

1 .  No  optical  method  based  upon  the  reciprocal  scale  can  serve 
as  a  standard,  for  such  a  scale  is  not  a  uniform  one. 

2.  In  order  to  obtain  a  uniform  scale  with  an  optical  method,  it 
is  necessary  to  calibrate  the  apparatus  used,  to  correspond  with  frac- 
tional dilutions  of  a  water  of  definite  turbidity. 

3.  The  water  of  definite  turbidity  thus  used  should  be  considered 
as  the  standard  of  turbidity,  and  turbidity  readings  by  all  methods 
should  be  expressed  in  terms  of  this  standard. 

4.  Such  a  definite  standard  of  turbidity  is  found  in  the  use  of 
finely  ground  diatomaceous  earth,  as  described  by  the  authors.^ 

The  Gravimetric  Method. 

The  determination  of  the  weight  of  suspended  matter  in  water  is 
not  an  exact  process.  For  various  reasons  the  results  are  liable  to  be 
in  error  by  5  parts  per  million,  and  at  times  by  more  than  this  amount. 
With  very  turbid  waters  the  percentage  of  error,  however,  is  small,  but 
when  the  water  contains  less  than  25  parts  per  million  of  suspended 
matter  the  error  is  considerable,  and  when  below  5  parts  per  million 
the  results  are  practically  worthless.  If  the  particles  of  suspended 
matter  are  large,  they  can  be  separated  from  the  water  by  using  a 
close  filter-paper ;  but  when  the  water  contains  fine  silt,  clay,  etc.,  it 
is  necessary  to  use  a  Pasteur  tube. 

The  Wire  Method. 

The  accurate  observation  of  turbidity  by  the  wire  method  demands 
constant  conditions  of  light  and  a  wire  of  uniform  size  and  brightness. 
Hazen  has  stated  that  the  observation  should  be  made  in  the  open  air 
during  the  middle  part  of  the  day,  and  with  the  wire  shaded  from 
direct  sunlight.  When  the  turbidity  of  the  water  is  such  that  the 
wire  can  be  seen  at  depths  greater  than  about  one  foot,  these  condi- 
tions are  necessary,  but  when  the  turbidity  is  greater  than  that  men- 
tioned, the  error  from  variations  in  light  appears  to  be  less.  Thus 
the  authors  have  found  that  when  the  turbidities  were  greater  than 
.20  on  the  reciprocal   scale,  the  same  readings  were  obtained  at  all 

'  Loc.  cit. 
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times  during  the  day  when  the  sun  was  more  than  about  10°  above 
the  horizon ;  that  readings  made  under  a  porch  agreed  with  those  in 
the  open  air,  and  differed  but  little  from  those  made  indoors  near  a 
large  window.  Direct  sunlight  introduces  an  uncertainty  in  the  read- 
ings, and  is  to  be  avoided.  The  nature  of  the  receptacle  containing 
the  turbid  water  has  practically  no  influence  on  the  reading,  provided 
that  the  diameter  is  at  least  twice  the  depth  at  which  the  wire 
becomes  invisible.  With  receptacles  of  smaller  diameter  than  this 
the  opacity  of  the  sides  has  a  slight  effect  on  the  reading.  Accord- 
ingly, a  water  pail  12  inches  in  diameter  should  not  be  used  for 
reading  turbidities  below  .17  on  the  reciprocal  scale.  It  is  prefer- 
able to  have  all  the  illumination  from  the  top  and  not  to  use  a  glass 
jar  so  supported  that  light  may  enter  from  beneath.  Differences  in 
reading  may  be  obtained  by  changing  the  distance  of  the  eye  from 
the  water,  as  will  be  seen  from  the  following  table: 


Turbidity  Rxadings. 

surface  of  water. 

No.  I. 

No.  2. 

No.  3. 

No.  4. 

4  inches. 

8  inches. 
12  inches. 
20  inches. 
50  inches. 

.78 

.71 
.73 
.78 
.82 

.50 
.45 
.47 
.48 
.49 

.26 
.25 
•          .26 
.28 
.29 

.145 
.140 
.140 
.145 
.150 

As  might  be  expected,  these  differences  are  greatest  in  the  case  of 
very  turbid  waters.  The  readings  are  most  accurate  when  the  distance 
of  the  wire  from  the  eye  is  about  equal  to  that  of  normal  vision. 
Throughout  the  present  investigations  this  distance  has  been  pre- 
served as  nearly  as  possible.  In  field  work,  however,  it  is  a  com- 
mon practice  to  read  the  rod  in  a  standing  position,  the  wire  thus 
being  from  four  to  six  feet  from  the  eye. 

The  size  of  the  platinum  wire  used  has  a  slight  efifect  on  the 
results.  At  Pittsburg  it  was  found  that  a  wire  0.4  mm.  in  diameter 
gave  readings  25  per  cent,  higher  than  those  obtained  with  the  stand- 
ard wire,  I  mm.  in  diameter,  and  that  a  wire  larger  than  the  standard 
gave  somewhat  lower  results.     The  authors  have  compared  turbidities 
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with  wires  i  mm.  and  1.5  mm.  in  diameters,  and  have  obtained  results 
that  were  in  substantial  agreement  with  each  other. 

Comparisons  between  the  wire  method  and  the  disc  method  ^  have 
shown  that  the  latter  gives  somewhat  lower  results,  —  fhat  is,  the 
disc  can  be  seen  at  greater  depths  than  the  wire.  This  is  shown  by 
the  following  table  : 


Turbidity  by  wire  method. 

Turbidity  by  disc  method. 

Per  cent,  which  the  turbiditv  by  disc 

method  was  of  the  torbimty  by 

wire  method. 

• 

.096 

.087 

90 

.120 

.105 

87 

.135 

.125 

91 

.183 

.165 

92 

,450 

.363 

80 

j609 

.444 

73 

.917 

.625 

68 

.  _  ._       .           • 

With  high  turbidities  the  differences  are  considerable,  but  with  com- 
paratively clear  water  the  results  of  the  two  methods  approach  each 
•other.  Turbidity  reading  by  the  wire  method  may  be  therefore 
extended  into  the  clear  water  of  lakes  by  the  substitution  of  the  disc, 
without  the  introduction  of  serious  error. 

It  has  been  generally  assumed  that  the  turbidity  of  water  is  in- 
versely proportional  to  the  depth  at  which  the  wire  becomes  invisible, 
and  the  reciprocal  scale  is  based  upon  this  assumption.  Hazen  states 
"that  if  a  water  having  a  turbidity  of  i.oo  is  mixed  with  an  equal 
volume  of  clear  water,  the  mixture  will  have  a  turbidity  of  0.50,  and 
advantage  is  taken  of  this  fact  for  the  measurement  of  high  turbidities 
by  dilution.*'  Upon  this  assumption  also  depends  the  accuracy  of  the 
•elaborate  apparatus  for  turbidity  measurement  used  in  the  filtration 
•experiments  at  Washington,^  D.  C,  where  high  turbidities  were  read 
by  dilution  with  clear  water  and  where  low  turbidities  were  read  by 
admixture  with  a  water  of  known  turbidity. 


*  Whipple,  G.  C.    The  Microscopy  of  Drinking  Water,  p.  73.     New  York  :  Wiley. 

•  Report  of  Colonel  A.  M.  Miller,  on  the  Feasibility  and  Propriety  of  Filtering  the  Water 
Supply  of  Washington,  D.  C.    Senate  Document^  No.  259,  56th  Congress,  ist  session. 
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According  to  the  experience  of  the  authors,  the  assumption  that 
the  turbidity  is  inversely  proportional  to  the  depth  of  the  disappearing 
wire,  is  only  approximately  correct  when  the  distance  of  the  wire 
from  the  eye  is  substantially  that  of  normal  vision.^  If  a  water  in 
which  the  disappearing  wire  has  a  depth  of  one  inch  is  diluted  with 
an  equal  volume  of  clear  water,  the  wire  will  not  disappear  at  a  depth 
of  exactly  two  inches,  but  at  a  depth  somewhat  less  than  two  inches ; 
or,  in  other  words,  a  turbid  water,  when  diluted  with  an  equal  vol- 
ume of  clear  water,  will  have  a  turbidity,  according  to  the  reciprocal 
scale,  of  somewhat  more  than  one-half  the  original  turbidity.  This 
has  been  shown  by  scores  of  observations,  but  a  single  example  will 
serve  as  an  illustration. 


Turbidity  calculated  according 
to  the  reciprocal  scale. 

Observed  turbidity. 

Original  water 

1.60 
.80 
.40 
.20 
.10 

1.60 

Diluted  i  with  clear  water 
Diluted  \  with  clear  water    . 
Diluted  1  with  clear  water    .     . 
Diluted  ^  with  clear  water  .     , 

I 
■ 

.83 

.47 
.26 
.145 

This  fact  has  been  noticed  by  other  observers,  but  its  important 
bearing  upon  the  value  of  turbidity  readings,  expressed  in  terms  of 
the  reciprocal  scale,  has  not  been  appreciated.  Parmelee  and  Ellms, 
as  well  as  Hazen,  found  that  the  ratio  between  the  weight  of  sus- 
pended matter  and  turbidity  increased  with  the  turbidity,  but  the 
reason  for  this  was  attributed  to  the  differences  in  the  size  of  the  sus- 
pended particles,  —  larger  particles  as  a  rule  being  present  in  greater 
amounts  in  the  water  of  any  stream  during  periods  when  the  turbidi- 
ties are  high.  If,  however,  it  is  true  that  turbid  waters  diluted  one- 
half  do  not  have  half  the  turbidity  according  to  the  reciprocal  scale, 
it  follows  that  the  present  method  of  stating  results  is  not  the  best 
one,  as  the  figures  that  express  turbidity  do  not  give  true  comparisons 
of  the  amount  of  suspended  matter  present.  The  size  of  the  particles 
does  have,  indeed,  an  important  effect  upon  the  turbidity,  and  a  given 
weight  of  fine  clay  particles  does   produce  a  greater   opacity  in  the 


*  The  assumption  is  more  nearly  correct,  however,  for  observations  made  with  the  eye  at  a 
distance  of  five  or  six  feet  from  the  wire,  as  in  Hazen's  practice,  and  this  fact  should  be 
remembered  in  the  present  discussion. 
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water  than  the  same  weight  of  coarse  silt  particles  ;  but  the  effect 
of  the  water  itself  also  has  an  important  influence.  The  amount  of 
absorption  of  light  by  water  is  greater  than  is  sometimes  supposed. 
Wild  has  given  the  following  coefficients  of  absorption  for  distilled 
water : 


Temperature. 

iDtensity  of  light  after  passing  through  lo  cm. 
of  distilled  water. 

24.4*>C 

17.0 
6.2 

0.9179 
0.9397 
0.9477 

Not  only  does  the  absorption  vary  with  the  temperature,  it  varies 
greatly  with  the  character  of  the  dissolved  substances.  In  colored 
waters  the  absorption  is  much  greater  than  in  clear  waters,  but  the 
coefficient  is  at  present  unknown.  In  clear  waters  the  intensity  of 
the  light  at  various  depths  may  be  stated  approximately  as  follows: 


Depth  in  inches. 

Intensity  of  light. 

0 

1.00 

1 

.98 

5 

.92 

10 

.85 

15 

.79 

20 

.72 

It  is  apparent,  therefore,  that  the  absorption  of  light  by  the  water 
exerts  an  important  influence  on  the  visibility  of  the  wire.  The 
absorption  of  light  by  the  particles  of  suspended  matter  at  different 
depths  is  an  even  more  important  factor,  but  its  amount  is  unknown 
Furthermore,  the  opaque  particles  act  as  a  screen  to  shut  out  the 
object  in  view,  and  the  distance  of  these  particles  from  the  eye  must 
be  taken  into  account.  The  optical  phenomena  involved  are  compli- 
cated, and  it  is  unnecessary  to  analyze  their  relative  importance. 
It  is  sufficient  to  determine  at  what  depths  the  wire  becomes  invisible 
in  waters  of  definite  turbidity  with  different  degrees  of  dilution,  and 
from  these  to  formulate  a  law  for  practical  application. 
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Distilled  water  rendered  turbid  by  the  addition  of  I.OCM  parts  per 
million  of  finely  divided  silica  was  put  into  a  jar,  and  the  depth  of  the 
<lisappearing  wire  observed.  It  was  then  diluted  with  distilled  water 
to  various  degrees,  and  a  series  of  similar  observations  made.  The 
results  of  these  observations  are  shown  in  Figure   i. 


It  was  found  that  when  the  water  contained  666  parts  of  silica  per 
million,  the  wire  disappeared  at  a  depth  of  one  inch.  This  turbidity 
therefore  corresponds  to  unity  of  the  present  method  of  stating  results 
by  the  use  of  the  wire.  Starting  from  this  point,  the  curve  of  the 
reciprocal  scale  is  shown  by  the  dotted  line.  According  to  this  curve 
the  wire  should  have  disappeared  at  two  inches  when  the  water  con- 
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tained  333  parts  of  silica,  at  three  inches  when  it  contained  222  parts, 
and  so  on.  The  diagram  shows,  however,  that  the  depths  of  the 
disappearing  wire  did  not  follow  the  reciprocal  curve,  but  did  follow 
a  somewhat  similar  curve.  Within  the  limits  of  practical  observa- 
tion this  curve  was  found  to  have  the  following  formula : 

5=  400 


d —  0.4 

where  5   represents   the   number  of   parts  per  million  of   the   silica 

standard,  and  d  represents  the  depth  of  the  wire  in  inches, 

or 

^ 1. 016 


d'  —  1.016 

where  d'  represents  the  depth  of  the  wire  in  centimetres, 

or 

^ 400  t 

I  —  0.4  t 

where  /  represents  the  turbidity  expressed  in  terms  of  the  reciprocal 
scale. 

This  curve  is  shown  on  the  diagram  by  the  full  line. 

Observations  were  then  made  with  other  substances  than  silica,  to 
see  if  this  formula  could  be  generally  applied.  Natural  turbid  waters 
from  various  sources  were  diluted  with  distilled  water  and  the  depth 
of  the  disappearing  wire  ascertained.  Some  of  these  results  are 
shown  in  Figure  2. 

As  in  Figure  i,  the  dotted  line  represents  the  curve  of  reciprocals, 
and  the  full  line  the  curve  obtained  by  plotting  the  above  formula. 
In  Figure  2,  however,  the  abscissae  represent  not  weights  of  silica,  but 
a  uniform  scale  of  turbidity,  where  unity  is  the  turbidity  that  causes 
the  wire  to  disappear  at  the  depth  of  one  inch.  The  black  spots 
represent  the  observations  obtained  by  the  authors  using  material  that 
was  obtained  from  the  experimental  filters  at  Pittsburg,^  Pa.,  to  pro- 
duce the  turbidity.  It  will  be  seen  that  they  follow  the  curve  very 
closely.  The  circles  represent  observations  obtained  by  Parmelee  and 
Ellms  on  the  water  of  the  Ohio  River.  These  also  follow  the  general 
curve.  Observations  with  natural  waters  and  with  waters  rendered 
artificially  turbid  with  kaolin  gave  similar  results,  while  waters  ren- 


^  This  material  was  kindly  furnished  by  Mr.  Wm.  R.  Copeland,  Bacterioiogist-in-charge. 
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dered  turbid  with  colored  substances,  such  as  coal-dust,  Jamp-black, 
iron  oxide,  etc.,  gave  but  slightly  different  results.  In  no  case  did 
the  observations  follow  the  curve  of  reciprocals,  and  in  every  case  the 
curve  was  similar  to  that  obtained  for  silica. 

It  is  apparent,  therefore,  that   the    above  formula  may  be  given 
general  application  within  the  limits  of  the  ordinary  observations  .of 


turbidity  with  the  wire  method.  By  its  use  turbidities  obtained  by 
the  wire  method  may  be  expressed  in  terms  of  a  uniform  scale,  a 
decided  advantage  over  the  reciprocal  scale. 

This  position  is  further  strengthened  by  a  comparison  of  the  tur- 
bidity readings  with  the  amounts  of  suspended  solids.  It  has  been 
found  that  the  ratio  between  suspended  solids  and  turbidity  expressed 
by  reciprocals  of  the  depth  of  the  disappearing  wire  is  far  from 
constant,  but  that  the  ratio  between  suspended  solids  and  turbidity 
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calculated  to  silica  from  the  wire  readings  is  nearly  a  cpnstant  for 
samples  of  water  from  any  particular  locality.  The  following  obser- 
vations of  suspended  solids  and  turbidity  by  the  wire  method,  obtained 
by  Parmelee  and  EUms  for  the  Ohio  River,  illustrate  this  fact. 


Weight   of    8Uft- 

pended  solids. 
(Parts  per  million.) 

Turbidity   bv   wire 

method. 
(Redprocal  scale.) 

Turbidity  reduced 
to  silica  standard. 

Weight  divided  by 
turbidity,  accord- 
ing to  reapro. 
cal  scale. 

Wei^t  divided  by  tur- 

bidity  in  terms  of  silica 

standard. 

ZZ 

0.17 

75 

195 

.44 

62 

0.30 

136 

198 

.45 

126 

0.49 

244 

252 

.51 

248 

0.86 

527 

275 

.47 

342 

1.02 

690 

335 

.51 

453 

1.14 

833 

344 

.54 

528 

1.43 

1,333 

370 

.40 
Average,  .47 

Hazen,  in  his  Filtration  of  Public  Water  Supplies,  gives  the  fol- 
lowing equivalents  of  turbidity  readings  in  weight  of  suspended  matter 
for  river  waters  with  particles  of  average  size.  If  these  turbidities  are 
reduced  to  silica  by  the  formula,  the  ratio  between  turbidity  and  sus- 
pended matter  becomes  practically  a  constant  when  the  turbidity  by 
the  wire  method  is  less  than   i.oo. 


Tiirbidity  by  wire 

method. 
(Reciprocal  scale.) 

Turbidity  reduced 
to  silica  standard. 

Weight    of    sus- 
pended solids. 
(Parts  per  million.) 

Weight  divided  by 
turbidity  accord- 
ing to  recipro- 
cal scale. 

Weight  divided  by  turbid- 

ity  according  to  silica 

standard. 

0.05 

21 

13 

260 

.62 

0.10 

42 

26 

260 

.62 

0.20 

88 

55 

275 

.62 

0.30 

136 

85 

283 

.62 

0.40 

189 

116 

290 

.61 

0.50 

249 

150 

300 

.60 

1.00 

666 

360 

360 

.54 
Average,     .61 
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The  following  table  will  be  found  convenient  for  transforming  tur- 
bidities obtained  by  the  use  of  the  wire  at  the  distance  of  normal 
vision,  and  expressed  according  to  the  reciprocal  scale  into  parts 
per  million  of  silica. 


TABLE  FOR  TRANSFORMING  TURBIDITIES  OBTAINED  BY  USING  THE  WIRE  METHOD 
WITH  THE  RECIPROCAL  SCALE  INTO  TURBIDITIES  EXPRESSED  IN  PARTS  PER 
MILLION  OF  THE  SILICA  STANDARD. 


Wire 

.00 

.ox 

.03 

.03 

.04 

.05 

.06 

.07 

.08 

.09 

reading. 

Parts  of 

SiucA  Pbr  Miixion. 

.00 

00 

4 

8 

12 

16 

21 

25 

29 

33 

37 

.10 

42 

46 

50 

54 

58 

63 

68 

73 

78 

83 

.20 

88 

92 

96 

101 

106 

111 

116 

121 

126 

131 

30 

136 

141 

146 

153 

158 

163 

168 

173 

178 

183 

.40 

189 

195 

201 

207 

213 

219 

225 

231 

237 

243 

.50 

249 

256 

262 

268 

275    281 

287 

295 

302 

309 

.60 

316 

323 

329 

336 

345 

351 

358 

366 

373 

381 

.70 

389 

397 

404 

412 

421 

429 

437 

445 

453 

460 

.80 

470 

478 

487 

497 

506 

515 

524 

534 

543 

552 

.90 

562 

572 

582 

592 

602 

612 

623 

635 

645 

656 

1.00 

666 

•  •  • 

•  > . 

•  • . 

■  •  • 

•  •  • 

• .  • 

• « • 

. .  • 

>  •  • 

Wire 

.00 

.10 

.ao 

.30 

.40 

.50 

.60 

.70 

.80 

.90 

reading. 

Parts  op 

SiucA  Pbr  Mill 

[ON. 

2,564 

1.00 

666 

786 

923 

1,084 

1,273 

1,407 

1,777 

2,127 

3,174 

2.00 

4,000 

•  •  • 

•  •  • 

•  •  •  • 

.  ■  •  • 

•  *  *  • 

•  •  •  • 

.  •  •  • 

•  • .  * 

•  •  •  • 

It  is  preferable,  however,  to  have  the  turbidity  rod  graduated  in 
terms  of  silica  as  well  as  in  reciprocals.  Such  a  graduated  rod  is 
shown  in  Figure  3.  For  the  purpose  of  graduating  the  rod,  or  for 
transforming  turbidities  expressed  in  depths  of  the  wire,  the  following 
table  will  be  found  useful. 
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/K" 


k 
O 

\ 


^ 


l$x 


.  A 


:  ^o^. 


yri 


0 

0 

f 
I 


.5 
5 


,0  ^ 


5^^ 


.0  > 


fO  > 


90H 

.0$ 


> 
** 


-iSO-^ 


Kic.  3. — Turbidity  Rod. 
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TABLE   SHOWING  THE    DEPTH  Of  WIRE    IN    INCHES  AND    CENTIMETERS   CORRE- 
SPONDING TO  TURBIDITIES  EXPRESSED  IN  TERMS  OF  THE  SILICA  STANDARD. 


Depth  of  wire. 

Depth 

of  wire. 

Depth  of  wire. 

SQica. 

SiUca. 

Sflin 

%0mm^^^^* 

Inches. 

Cenume* 
tere. 

Inches. 

Centime- 
ters. 

Inches. 

Centime- 
ters. 

0 

■  •  •  • 

•  •  •  • 

65 

6.54 

16.5 

240 

2.06 

5.2 

1 

400.40 

1017.0 

70 

6.09 

15.5    • 

250 

2.00 

5.1 

2 

200.40 

509.0 

75 

5.73 

14.5 

260 

1.93 

4.9 

3 

133.73 

339.5 

80 

5.40 

13.7 

270 

1.88 

4.8 

4 

100.40 

264.2 

85 

5.08 

13.0 

280 

1.83 

4.7 

5 

80.40 

223.4 

90 

4.84 

12.2 

290 

1.78 

4.6 

6 

67.06 

170.3 

95 

4.60 

11.7 

300 

1.73 

4.5 

7 

57.58 

1463 

100 

4.40 

11.2 

400 

1.40 

3.5 

8 

50.40 

1382 

110 

4.04 

10.2 

450 

1.29 

3.3 

9 

44.84 

113.8 

120 

3.73 

9.4 

500 

1.20 

3.1 

10 

40.40 

1118 

130 

3.48 

9.0 

600 

1.06 

2.7 

15 

27.00 

68.6 

140 

3.25 

85 

666 

1.00 

2.5 

20 

20.40 

61.0 

150 

3.06 

7.9 

700 

96 

2.4 

25 

16.40 

41.7 

160 

2.90 

7.3 

800 

90 

2.3 

30 

13.73 

34.8 

170 

2.75 

7.0 

900 

84 

2.1 

35 

1183 

300 

180 

2.62 

66 

1,000 

80 

2.0 

40 

10.40 

26.4 

190 

2.50 

63 

•  ■  • 

45 

928 

236 

200 

2.40 

6.1 

• 

•  •  • 

50 

8.40 

21.3 

210 

230 

5.8 

•  •  • 

55 

7.67 

19.5 

220 

2.23 

5.6 

•  •  • 

60 

7.07 

17.9 

230 

2.13 

5.3 

•  •  ■ 

The  Diaphanometer  Method. 


Parmelee  and  EUms,  in  their  use  of  the  diaphanometer,  found  that 
the  ratio  between  the  suspended  solids  and  the  turbidity  expressed  in 
terms  of  the  reciprocal  scale  was  not  a  constant,  but  increased  with 
the  turbidity,  as  shown  in  the  following  table  : 
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Weight  of  suspended  solids. 
(Parts  per  million.) 

Turbidhy  by  diaphanometer,  using 
reciprocal  scale. 

Weight  divided  by  turbidity. 

33 

.07 

465 

62 

.13 

484 

126 

.21 

583 

248 

.38 

657 

342 

.46 

745 

453 

.55 

820 

528 

.62 

855 

Accordingly,  they  adopted  the  following  formula  for  transforming 
turbidities  into  weights  of  suspended  matter : 

Weight  in  parts  per  million  =  6oo  (Turbidity  —  o.oi), 

where  the  turbidity  equals  the  reciprocal  of  the  depth  in  inches  of  the 
water  in  the  diaphanometer  tube.  On  account  of  the  nature  of  sus- 
pended matter  in  the  water  used  in  their  work  this  formula  is  neces- 
sarily only  of  local  application. 

Through  the  courtesy  of  Mr.  George  W.  Fuller  the  authors  have 
had  the  privilege  of  experimenting  with  the  diaphanometer  used  by 
Parmelee  and  EUms  at  Cincinnati.  Turbidity  observations  have  been 
made  upon  waters  rendered  artificially  turbid  by  the  addition  of  silica 
standard  in  various  amounts.  The  results  are  shown  in  Figure  4.  It 
was  found  that,  with  a  turbidity  produced  by  1,000  parts  of  silica  per 
million,  the  cross  of  light  in  the  diaphanometer  tube  disappeared  from 
view  at  a  depth  of  1.96  inches.  With  this  as  a  starting  point,  the 
reciprocal  scale  would  follow  the  curve  shown  by  the  dotted  line. 
The  observations,  however,  did  not  follow  this  curve.  The  curve  of 
observations  was  similar  to  that  obtained  with  the  wire  method,  but 
the  variations  from  the  reciprocal  curve  were  somewhat  greater  than 
was  the  case  with  the  wire  method.  The  curve  of  observations  was 
found  to  have  the  following  formula  : 

d—  I 

where  5  represents  the  number  of  parts  of  silica  per  million  and  d 

equals  the  depth  of  the  liquid  in  the  tube  in  inches, 

or 
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5  = 


2.433 


'  d  ~  2.S4 
where  d  equals  the  depth  in  centimetres, 

5  =  iSif 


where  /  represents  the  turbidity  according  to  the  reciprocal  scale. 


-/ 

Y 

- 

—  /s 

-_  JO 

-- 

\\ 

This  formula  is  shown  on  the  diagram  by  the  full  line,  and  the 
observations  obtained  by  using  a  Wellsbach  burner  are  indicated  by 
the  black  spots.  The  circles  represent  the  results  obtained  by  using 
daylight  reflected    from  a  white  surface    instead   of   gaslight.     They 
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show  that  the  observations  vary  greatly  with  the  intensity  of  the- 
light,  a  fact  naturally  to  be  expected.  It  is  evident,  therefore,  that 
for  accurate  work  the  light  must  be  under  definite  control,  and  that 
for  any  given  intensity  of  light  a  corresponding  formula  must  be  used. 
In  other  words,  every  diaphanometer  must  be  calibrated  for  the  exact 
condition  under  which  it  is  to  be  used.  When  so  calibrated  the 
results  may  be  expressed  in  terms  of  the  silica  standard  according  to- 
a  uniform  scale. 

Comparison  with  Standards. 

The  direct  use  of  silica  standards  of  comparison  is  limited  ta 
waters  having  turbidities  of  less  than  100  parts  of  silica  per  million. 
For  more  turbid  waters  it  is  necessary  to  dilute  with  clear  water 
before  reading.  With  very  turbid  waters  the  multiplied  error  of  read- 
ing becomes  appreciable,  yet  it  probably  does  not  exceed  the  errors  of 
the  other  methods  for  waters  of  the  same  turbidity.  If  a  series  of 
standards  is  prepared  in  bottles  and  tubes  diflfering  by  5  parts  per 
million  between  o  and  30,  it  is  possible  to  match  turbidities  within 
about  2  parts  per  million ;  above  30,  with  standards  differing  by  10 
parts,  it  is  possible  to  match  within  2  to  5  parts,  the  more  turbid 
waters  being  more  difficult  to  match. 


Comparison   of   Turbidity  Readings  by  the  Various    Methods. 

There  remains  to  be  considered  the  agreement  between  turbidity 
readings  obtained  by  the  various  methods.  Theoretically  the  read- 
ings obtained  by  the  wire  method  and  the  diaphanometer  should,  when 
reduced  to  terms  of  silica  by  the  formulae  given,  agree  with  readings 
obtained  by  direct  comparison  with  silica  standards.  As  all  of  the 
methods,  however,  are  subject  to  error,  some  differences  in  the  read- 
ings are  to  be  expected.  The  following  table  shows  the  results  of 
turbidity  observations  made  by  the  three  methods,  upon  waters  from 
various  parts  of  the  country.  These  contained  clay  which  in  some 
instances  was  slightly  discolored  by  iron  oxide  and  organic  matter: 
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(ExrasssKD  IN  Parts  Pbk  Million  or  Silica.) 

Sample  number. 

Bywire  melfaod. 

By  Htephmomtf  r. 

Byoomperieon  with  eiUca 

1. 

250 

239 

220 

2. 

150 

162 

140 

3. 

75 

79 

77 

4. 

480 

490 

450 

5. 

58 

55 

55 

6. 

720 

740 

680 

7. 

■ 

1,020 

980 

950 

8. 

740 

780 

730 

From  such  comparative  observations,  only  a  few  of  which  are  given 
in  the  table,  it  has  been  found  that  the  average  deviation  from  the 
mean  of  the  three  readings  is  less  than  5  per  cent,  a  result  which 
may  be  considered  as  quite  satisfactory.  When  waters  are  rendered 
turbid  by  particles  which  have  a  marked  color  of  their  own,  the  com- 
parison between  the  three  methods  fails,  as  described  beyond. 

The  ratio  between  the  turbidity  expressed  in  silica  and  the  weight 
of  the  suspended  solids  varies  with  the  size  of  the  particles  present. 
This  is  shown  by  the  following  table : 


Rado  between  the  weight  of  soapended 

matter  in  perts  per  million,  ana  tor- 

bidity  according  to  silica  standard. 


River  waters  with  coarsest  sediments,  (from  Hazen)     .     . 

River  waters  with  average  sediments,  (from  Hazen)     .     . 

River  waters  with  finest  sediments,  (from  Hazen)     .     .     . 

Ohio  River  water,  (from  Parmelee  and  EUms)     .... 

Ohio  River  water  after  sedimentation,    (from   Parmelee 
and  Ellms) 

Hudson  River  at  Albany 

Passaic  River  at  Little  Falls 

Delaware  River 

Lake,  Prospect  Park,  Brooklyn 

Allegheny  River  at  Pittsburg 


L09 
.61 
.39 
.47 

.28 

.72 
.65 
.62 
.71 
.48 
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When,  however,  comparisons  between  turbidity  and  weight  of 
suspended  matter  are  made  for  any  particular  locality,  the  ratio  is 
surprisingly  constant,  as  already  pointed  out.  It  is  possible  that 
some  universal  method  of  transforming  turbidity  readings  to  weights 
of  suspended  matter  might  be  devised,  based  upon  turbidity  readings 
made  before  and  after  various  periods  of  subsidence  under  definite 
conditions. 

Measurement  of  Turbidity  Produced  by  Colored  Particles. 

The  effect  of  the  color  of  water  upon  turbidity  observations  with 
the  wire  method  is  slight  in  very  turbid  waters,  but  becomes  apparent 
when  the  depth  of  wire  increases.  One  thousand  parts  of  silica  per 
million  were  added  to  distilled  water,  and  to  a  water  that  had  a  color 
of  1.04  on  the  Platinum  Scale.  These  were  diluted  to  various  degrees 
and  the  turbidities  observed.  The  results,  reduced  to  silica  by  the 
formula  given  above,  were  as  follows : 


Calculatsd  Tukbidity  Exprbssbd  in  Parts  Pbr  Miluon 

OP  Silica. 

DbtlUed  water. 

Colored  water. 

Original 

Diluted! 

Diluted! 

Diluted! 

Diluted^ 

Diluted  A 

1,000 

500 

250 

125 

63 

42 

1,000 

500 

220 

112 

55 

36 

When  the  disc  method  is  used  in  comparatively  clear  waters  the 
effect  of  color  is  considerable,  as  shown  by  the  following  observations : 


Color  of  the  Water.    (Platinum  Scale.) 

Depth  of  Disappearing  Disc  in  inches. 

.16 
.56 
.69 

174 
130 
110 
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Most  turbid  waters  met  with  in  nature  have  a  dissolved  color 
insufficient  to  seriously  interfere  with  the  results  of  the  turbidity 
observations.  Some  waters,  however,  are  rendered  turbid  by  parti- 
cles which  are  themselves  colored.  Certain  streams  in  Pennsylvania, 
for  example,  are  black  from  the  presence  of  coal-dust ;  others  are  red 
from  the  presence  of  large  amounts  of  clay  colored  by  oxide  of  iron  ; 
while  waters  receiving  discharges  from  dye-houses  and  other  forms  of 
manufacturing  waste  may  be  variously  colored.  It  has  been  found 
that,  because  of  the  absorption  of  light  by  these  various  substances, 
the  optical  methods  of  determining  turbidity  fail  to  give  true  results. 

For  example,  a  water  that  had  a  marked  red  color  gave  a  turbidity 
of  420  when  compared  with  the  silica  standards  in  the  tubes,  while 
by  the  wire  method  the  turbidity  was  660,  and  by  the  diaphanometer, 
684.  A  water  that  contained  lampblack  gave  250  by  direct  com- 
parison and  470  by  the  wire  method,  while  another  sample  gave  500 
and   1,300  respectively. 

In  order  to  see  whether  the  direct  method  of  comparison  was 
correct  when  applied  to  turbidities  produced  by  particles  different 
in  color,  lampblack  was  ground  until  the  particles  were  the  same 
size  as  those  of  the  silica  standard,  as  nearly  as  could  be  ascertained 
by  microscopical  measurement.  Two  series  of  turbid  waters  were  pre- 
pared, one  with  black  particles  and  the  other  with  approximately  equal 
numbers  of  white  particles.  Comparison  of  the  two  series  gave  the 
following  results  : 


Parts  Pbx  Miluon. 

Lampblack 
Silica 

•     .     * 

20 
18 

30 

25 

• 

40 
32 

50 
43 

60 
52 

70 
66 

80 
70 

90 
78 

100 
88 

Ratio 

.90 

.83 

.80 

.86 

.84 

.87 

.87 

.85 

.88 

Average  ratio, 

0.87 

The  turbidities  thus  produced  agreed  therefore  within  1 3  per  cent. 
Similar  comparisons  made  with  the  wire  method  gave  the  following 
results : 
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Lampblack 

Wire  method  reduced  to  silica    . 


Ratio 


Parts  Psr  Miluon. 


63 

88 


1.42 


125 
207 


1.65 


250 
470 


1.44 


These  results  differed  by  about  50  per  cent.      With  deeper  tur- 
bidities the  ratio  was  still  further  increased. 


Conclusions. 

From  the  preceding  investigations  it  appears  that  the  use  of  the 
silica  standard  permits  the  turbidity  of  water  to  be  accurately  ex- 
pressed in  terms  of  a  uniform  scale ;  that  with  waters  of  ordinary 
turbidity,  results  obtained  by  the  use  of  the  wire  and  the  diaphanom- 
eter  may  be  reduced  to  the  silica  standard  with  a  considerable  degree 
of  exactness ;  that  with  waters  rendered  turbid  by  colored  particles 
the  optical  methods  fail  to  give  correct  results ;  that  the  ratio  be- 
tween turbidity  in  terms  of  silica  and  weight  of  suspended  matter 
varies  with  the  size  of  the  particles,  but  is  nearly  constant  for  any 
particular  locality. 

Remark.  —  After  experimenting  with  various  forms  of  diatomaceous  earth  in  the  pr^ 
paration  of  silica  standards,  the  authors  have  found  that,  while  any  such  earth  may  be  used 
if  the  directions  given  in  their  previous  article  are  followed,  the  most  satisfactory  earth  for 
the  purpose  is  that  from  a  deposit  at  Herkimer,  New  York.  This  deposit  is  quite  free  from 
sponge  spicules  and  from  foreign  matter,  rendering  the  preparation  of  the  turbidity  standard 
a  simple  operation.  No  washing  with  acid  is  necessary,  and  after  a  short  ignition  and  a  thor- 
ough grinding,  the  material  is  ready  for  use.  This  diatomaceous  earth  may  be  obtained  from 
George  W.  Searles,  Herkimer,  New  York. 

The  authors  have  had  recently  the  opportunity  to  compare  the  stock  mixtures  of  silica 
turbidity  standards  made  by  several  different  observers,  and  it  has  been  gratifying  to  find 
that  in  almost  every  case  the  agreement  has  been  within  the  limits  of  reading.  In  no  case 
•did  one  standard  differ  from  the  others  by  more  than  3  per  cent.  During  the  process  of 
grinding  the  particles  of  silica  show  a  slight  tendency  to  mat  together.  These  mats  should 
be  removed  before  weighing  by  sifting  the  material  through  a  200-me8h  sieve. 
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THE  EFFECT  OF  ANNEALING  UPON  THE  PHYSICAL 
PROPERTIES,  AND  THE  MICRO  STRUCTURE  OF  A 
LOW  CARBON   STEEL. 

By  henry  fay  and  STEPHEN  BADLAM. 
Receired  Norember  19, 1900. 

The  enormous  demand  for  low  carbon  steel  for  structural  pur- 
poses, plate,  tubing,  and  its  many  varied  uses,  offers  great  temptation 
for  the  manufacturer  to  allow  almost  any  kind  of  material  to  pass 
through  the  mills  without  paying  particular  attention  to  the  condition 
in  which  it  appears  upon  the  market.  That  the  manufacturer  does 
occasionally  submit  to  the  temptation  to  work  the  mills  beyond  their 
capacity,  is  shown  in  the  failure  of  the  metal  to  meet  certain  physical 
requirements.  That  these  failures  are  not  more  frequent  is  to  be 
greatly  wondered  at,  and  it  goes  to  show  under  what  excellent  control 
the  steel  plants  are  held.  This  occasional  failure,  however,  makes  it 
necessary  to  study  carefully  the  conditions,  which,  if  not  strenuously 
adhered  to,  will  produce  steel  which  will  not  only  give  trouble  to  the 
manufacturer  himself,  causing  loss  of  time  and  perhaps  material,  but 
may  also  be  a  source  of  trouble  to  the  buyer,  and  perhaps  a  source  of 
danger  to  the  public.  The  buyer,  in  order  to  protect  himself,  usually 
subjects  the  material  to  certain  physical  tests  which  tell  him  whether 
the  steel  has  the  requisite  strength.  This  determination  of  tensile 
strengrth  was  considered  for  a  long  time  as  entirely  satisfactory  and  all 
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that  was  necessary,  but  the  presence  in  the  steel  of  certain  elements, 
such  as  phosphorus  and  sulphur,  which  were  supposed  to  have  an  inju- 
rious effect  on  the  physical  properties,  led  the  cautious  buyer  to  test 
his  steel  both  physically  and  chemically.  It  is  a  well  known  fact  that 
two  pieces  of  steel  having  identically  the  same  composition  may  have 
entirely  different  physical  properties.  This  marked  difference  in  phys- 
ical properties  was  found  to  be  due  to  the  difference  in  heat  treatment. 
We  are  able  to  say  of  any  piece  of  steel,  that  its  physical  properties 
depend  primarily  on  its  chemical  composition,  and  secondly,  on  the 
heat  treatment  to  which  it  has  been  subjected.  If  we  know,  then, 
the  chemical  composition  and  the  heat  treatment,  we  should  be  able  to 
predict  the  physical  properties. 

The  query  now  arises,  if  we  have  two  steels  of  the  same  composi- 
tion but  of  different  physical  properties,  is  there  any  means  of  know- 
ing the  heat  treatment.?  Fortunately,  this  can  be  answered  in  the 
affirmative.  It  has  been  shown  by  Sorby,  Osmond,  Stead,  Ridsdale, 
Sauveur,  and  other  investigators,  that  there  is  a  direct  relation  be- 
tween the  heat  treatment  and  the  microstructure  of  steel.  A  study 
of  the  microstructure,  together  with  the  physical  properties  of  metals, 
has  given  rise  to  the  science  which  has  been  designated  by  the  name 
Metallography.^  For  some  varieties  of  steel  and  many  alloys,  these 
relations  have  been  very  carefully  worked  out,  and  this  information 
has  added  enormously  to  our  knowledge  of  the  properties  of  steel 
and  other  alloys.  It  was  the  object  of  this  investigation  to  start 
with  a  steel  of  known  composition  and  to  study  carefully  the  heat 
treatment,  and  how  it  would  effect  the  physical  properties  and  the 
microstructure.  Having  this  information  established  for  this  class 
of  material  under  normal  conditions,  we  have  certain  standards  from 
which  to  draw  our  conclusions.  This,  however,  does  not  give  all  of 
the  information  which  we  desire,  as  it  is  well  known  that  work,  such 
as  rolling,  hammering,  etc.,  has  a  decided  influence  on  the  physical 
properties.  This  portion  of  the  work,  however,  was  impossible  for  us 
to  carry  out,  and  we  present  the  paper  in  its  present  form  with  the 
hope  that  the  subject  will  be  of  sufficient  interest  to  be  completed 
along  similar  lines  by  some  practical  metallurgist.  The  investiga- 
tion is  incomplete  in  another  sense,  viz.  :  that  we  have  heated  our 
specimens  to  a  certain  definite  temperature  and  allowed  the  metal  to 


'  For  the  elements  of  the  subject  see  "  The  Metallographist. " 
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cool  from  that  temperature,  but  have  not  held  the  steel  for  any  length 
of  time  at  the  temperatures  to  which  it  was  heated.  Our  cooling  was 
carried  out  slowly  enough,  as  will  be  shown  later  on,  for  complete  crys- 
tallization to  take  place,  but  according  to  Stead's^  experiments,  coarse 
granulation  takes  place  by  holding  the  sample  for  some  time  at  about 
700°  C.  This  portion  of  the  work  is  now  in  progress,  and  it  is  hoped 
to  bring  forth  our  completed  results  later.  The  material  selected  for 
this  purpose  was  a  low  carbon  steel  which  was  kindly  furnished  by  the 
National  Tube  Company,  of  McKeesport. 

The  steel  which  we  used  is  generally  classified  as  "extra  mild 
steel."  Many  investigations  have  been  conducted  on  mild  steel,  but 
none  of  the  investigators  have  followed  exactly  the  same  manner  of 
work.  Before  proceeding  to  the  experimental  work  it  will  be  neces- 
sary to  review  briefly  the  work  which  has  already  been  done  on  mild 
steels. 

Until  the  publication  in  1898,  of  Mr.  Stead's  paper  on  "The  Crys- 
talline Structure  of  Iron  and  Steel,"  it  was  tacitly  assumed  that  all 
grades  of  steel,  whether  soft  or  hard,  followed  the  general  laws  of 
structure,  as  enunciated  by  Chernoff  and  Brinnel.  These  two  inves- 
tigators were  the  first  to  formulate  any  laws  connecting  the  heat  treat- 
ment and  the  structure.  Both  of  them  experimented  principally  upon 
steels  of  medium  hardness,  about  0.3  per  cent,  of  carbon.  Their  con- 
clusions in  regard  to  the  structure  were  based  upon  the  appearance  of 
the  fractures. 

Chernoff  2  summarized  his  conclusions  as  follows :  Steel  on  solidi- 
fying has  a  crystalline  structure.     This  may  be  prevented : 

1.  By  simple  reheating  to  a  cherry  red  when  an  ingot  with  a  coarse 
structure  will  suddenly  be  transformed  into  a  fine-grained  and  strong 
product. 

2.  By  hammering  at  a  high  temperature,  and  continuing  the  work 
down  to  a  low  temperature,  to  a  certain  point,  varying  with  different 
steels,  below  which  the  metal  preserves  its  whole  power  of  resistance. 

3.  Rapid  cooling  of  the  cast  metal  destroys  the  crystalline 
structure. 


'The  Crystalline  Structure  o£  Iron  and  Steel.     J.  E.  Stead.     J.  Iron  and  Steel  Inst., 
1898,  No.  I,  145. 

'The  Structure  of  Cast  Steel  Ingots.     Proc.  Inst  of  Mech.  £ng.,  January,  1880;  trans- 
lated from  the  Russian  by  Mr.  W.  Anderson. 

The  Manufacture  of  Steel  and  the  Mode  of  Working  It    Proc.  Inst,  of  Mech.  Eng., 
April,  1880;  translated  by  Mr.  W.  Anderson. 
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Chernoff  points  out  the  important  fact  that  the  higher  the  per- 
centage of  carbon,  the  lower  is  the  point  below  which  no  change  in 
structure  occurs. 

Brinneirs^  conclusions  follow  along  the  same  line  as  those  of 
Chernoff,  but  are  expressed  more  in  detail.  A  few  abstracts  from 
his  work,  having  a  special  bearing  upon  the  subject,  are  given  below : 

1.  Whenever  steel  loses  its  crystalline  structure,  other  than  by 
mechanical  work,  the  change  of  texture  will  be  found  to  occur  simul- 
taneously with  the  transformation  of  cement  into  hardening  carbon,  or 
vice  versa,  and  the  change  will  be  complete  only  in  the  event  of  the 
carbon  being  converted  by  heat  from  cement  into  hardening  carbon. 

2.  In  order  to  effect  the  transformation  of  hardening  into  cement 
carbon,  in  a  steel  heated  to  a  white  heat,  it  must  be  allowed  to  cool 
slowly  to  a  lower  temperature  than  that  necessary  to  change  cement 
into  hardening  carbon. 

3.  If  hardening  carbon,  in  heating  or  cooling,  is  converted  com- 
pletely or  largely  into  cement  .carbon,  a  crystallization  occurs,  yielding 
a  fracture  the  coarser,  as  the  former  texture  of  the  steel  was  crys- 
talline. 

4.  The  crystallization  of  steel  requires  a  certain  amount  of  time 
as  well  as  a  certain  amount  of  heat.  If  the  duration  of  the  cooling 
process  is  cut  short  by  quenqhing  in  water,  the  development  of  crys- 
tallization is  partly  or  wholly  prevented. 

With  regard  to  the  development  of  a  coarse  crystallization,  Brinnell 
says  that  on  heating  the  steel  to  a  point  W,  say  750°,  the  size  of 
the  granules  increases  with  the  temperature,  the  coarsest  being  ob- 
tained by  heating  to  the  highest  temperature,  and  the  structure 
remains  coarse  whether  the  steel  is  quenched  or  cooled  slowly  from 
the  temperature. 

Within  the  last  few  years  several  important  articles  have  appeared 
dealing  with  the  effect  of  heat  treatment  upon  soft  and  extra  soft 
steels,  the  results  of  which  seem  to  be  quite  different  from  those  of 
the  earlier  experimenters  upon  medium  and  hard  steels.  These  later 
researches  are  also  characterized  by  the  use  of  thv  m  i^.^-  -  :  ^  :•  •  ■ 
examination  of  the  structure  instead  of  the  nakefl  ».  ".,  ..  1.1.1.1:^; 
surfaces. 


*  The  Changes  in  the  Texture  of  Steel  on  Heating  and  on  Cooj.  ._,     A  m.  :      ^  in  '.  Jr«.i 
and  Steel  Inst.,  1S86,  No.  i,  365. 
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From  his  microscopic  work  upon  soft  steels  and  pure  iron,  Mn 
Osmond*  came  to  the  following  conclusions  in  regard  to  heat  treatment : 

1.  Steel  with  0.02  per  cent.  C.  "It  would  seem  that  the  struc- 
ture of  pure  iron  is  almost  independent  of  the  temperature  and  the 
rate  of  cooling." 

2.  Steel  with  0.14  per  cent.  C.  "In  proportion  as  the  tempera- 
ture of  reheating  is  raised,  other  things  being  equal,  the  polyhedrons 
of  ferrite  enlarge,  slowly  at  first,  and  keeping  their  forms,  then  more 
rapidly,  until  at  1,000°  they  become  irregular  and  tend  to  lengthen 
into  groups  of  juxtaposed  bands.  The  pearlite  generally  remains 
exterior  to  the  arrangement  of  ferrite,  and  stratifies  in  seams." 

The  most  important  articles  on  this  subject  that  have  yet  appeared 
have  been  by  Mr.  J.  E.  Stead.^  His  first  paper  on  "  The  Crystalline 
Structure  of  Iron  and  Steel "  revolutionized  our  ideas  upon  the  eflFect 
of  heat  treatment  on  soft  steels,  and  showed  that  they  followed  laws  of 
structure  which  so  far  have  not  been  found  to  apply  to  carbon  steels. 
Among  the  conclusions  that  Mr.  Stead  draws,  we  have  selected  the 
following,  which  have  a  bearing  on  the  present  work  : 

1.  Granules  and  crystals  should  not  be  confused,  for  although  a 
granule  is  built  up  of  crystals,  its  external  form  is  not  crystalline,  as 
it  takes  its  shape  from  its  surroundings.  It  is  an  allotrimorphic  crys- 
tal, or  more  simply,  a  grain. 

2.  Grains  formed  in  the  solidification  of  liquid  metals  are  large  or 
small  according  to  whether  the  freezing  is  rapid  or  slow,  and  they  take 
their,  form  from  their  surroundings,  and  this  is  most  irregular,  owing 
to  natural  interference. 

3.  In  carbonless  pure  irons  or  steels  of  fine  grain  produced  by 
either  forging  or  certain  heat  treatment,  the  grains  increase  in  size. 
slowly  at  500**  C,  and  more  rapidly  at  between  650®  to  JSo'',  and  it  is 
possible  by  heating  at  about  700®  for  a  few  hours  to  develop  granular 
masses  of  exceeding  coarseness.  At  900°  the  granules  again  become 
small,  and  heating  to   1,200°  apparently  does  not  change  them. 

4.  Granules  in  carbon  steels  0.20  per  cent,  to  1.20  per  cent,  car- 
bon do  not  grow  in  size  by  long  continued  heating  at  700°,  but  they 
increase  in  size  slowly  at  first,  and  then  more  rapidly  with  each  incre- 
ment of  temperature  above  750°  C,  the  change  point  varying  with  the 
carbon.  When,  however,  coarsely  granulated  steel  is  reheated  again 
a  little  above  700°  to  750°,  the  coarse  structure  vanishes. 


'  Bull.  Soc.  d'Encouragement  pour  I'lndustrie  Nationale  [5]  10,  476.       *  See  above. 
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5.  In  steels  of  from  o.io  per  cent,  to  0.15  per  cent,  carbon  con- 
taining the  pearlite  in  widely  separated  areas,  on  heating  and  quench- 
ing from  about  750°  the  large  ferrite  grains  are  not  broken  up,  and 
the  carbon  apparently  does  not  expand  or  diffuse  beyond  the  original 
area,  but  when  heated  to  850°  and  slowly  cooled  the  carbon  areas  are 
found  as  a  number  of  smaller  segregations,  and  where  the  carbon  has 
diffused  the  ferrite  is  found  in  small  grains. 

Mr.  Stead's  second  paper  on  **  Brittleness  Produced  in  Soft  Steel 
by  Annealing,"  ^  follows  the  line  of  his  previous  paper,  but  brings 
out  a  number  of  new  facts.  Among  other  points,  he  distinguishes 
two  kinds  of  weakness,  viz: 

1.  Intergranular  weakness  which  occurs  when  the  grains  are  im- 
perfectly cohesive  or  are  surrounded  by  a  brittle  envelope. 

2.  Cleavage  weakness  which  occurs  where  the  grains  are  so  ori- 
ented that  the  component  crystals  are  all  in  the  same  phase.  He 
explains  the  brittleness  sometimes  observed  in  annealed  plates  by  say- 
ing that  the  rolling  causes  a  tendency  to  such  orientation,  and  that 
annealing  develops  this  tendency. 

Mr.  Stead  suggests  that  at  about  900®  for  soft  steel  7-iron  is 
formed,  and  coincident  with  it  the  structure  is  refined.  The  results 
•of  the  present  investigation  bear  out  this  conclusion.  Mr.  Stead  also 
makes  the  pertinent  suggestion  that  the  banded  or  laminated  structure 
■of  the  ferrite,  observed  in  overheated  steel,  provided  there  is  no  inter- 
granular separation,  is  a  remarkably  strong  one. 

Shortly  after  the  publication  of  Stead's  papers,  Ridsdale  published 
an  article  on  "Brittleness  in  Soft  Steel," ^  containing  much  valuable 
material.  He  draws  the  following  conclusions,  **  In  order  to  avoid 
brittleness : 

1.  "There  should  not  be  too  high  an  initial  temperature  nor 
•'soaking*  at  a  high  temperature  for  a  long  time." 

2.  "Work  should  be  continued  down  to  red  heat,  but  not  to  a 
blue  heat." 

3.  "If  work  has  been  continued  unavoidably  to  near  blue  heat, 
there  should  be  no  chilling,  but  slow  cooling,  and  where  possible  sub- 
sequent heating,  if  only  for  a  short  time,  to  cherry  redness.  Also 
there  should  be  absence  of  jar  or  vibration  whilst  cooling  through  the 
Hue  heat." 


'J.  Iron  and  Steel  Inst,  1898,  No.  II,  157. 
*  J.  Iron  and  Steel  In8t.,i89B,  N6.  I,  320. 
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A  year  later,  in  1899,  Mr.  Ridsdale  published  a  very  comprehensive 
'paper  on  **  Practical  Microscopic  Analysis  for  Use  in  the  Steel  Indus- 
tries." ^  He  emphasizes  strongly  the  importance  of  soft  steels,  and 
the  neglect  which  they  have  suffered  at  the  hands  of  the  metallo- 
graphists.  His  conclusions,  which  are  derived  from  the  study  of 
numerous  specimens  of  steel  made  by  various  processes  and  makers, 
are  illustrated  by  photographs  at   50  diameters. 

His  conclusions  may  be  stated  as  follows  : 

1.  Normal  steel,  work  continued  to  a  low  red.  The  structure  is 
regular  and  homogeneous,  the  grains  small  and  ill-defined. 

2.  Normal  treatment  and  abnormal  composition.  The  structure 
is  in  general  the  same  as  the  preceding.  Phosphorus  tends  to  enlarge 
the  grain  slightly. 

3.  Normal  steel  heated  too  long  or  to  too  high  a  temperature. 
This  shows  an  outer  carbonless  band  with  large  grains,  or  if  actually 
burnt,  a  separation  of  the  grains. 

4.  Normal  steel  worked  at  too  low  a  temperature  or  through  a 
blue  heat.  This  shows  a  strained  structure  with  distinct  flow  lines. 
There  is  a  breaking  up  of  the  surface  grains  and  a  loosening  or  actual 
rupture  of  the  grain  junctions. 

"In  general,"  Ridsdale  says,  "outside  of  normally  treated  speci- 
mens, the  effect  of  heat  treatment  far  outweighs  that  of  composition." 

Morse,  ^  who  worked  on  a  steel  containing  0.34  per  cent,  carbon, 
finds  a  diminution  in  tensile  strength  when  held  between  650°  and 
750°,  an  increase  from  the  latter  point  up  to  900°,  and  a  falling  off 
from  900®  to  1,200°.  Beyond  1,200°  the  tensile  strength  rises  again. 
The  area  of  the  grain  increases  up  to  600°,  falls  to  a  minimum  at  900°, 
and  then  increases  rapidly.  The  author  notes  the  occurrence  above 
1,000°  of  the  banded  or  ramified  structure  noted  by  Stead,  and  he 
reaches  the  same  conclusion  as  to  its  being  a  strong  structure. 

In  regard  to  the  existence  of  a  point  of  change  in  the  physical 
properties  at  a  temperature  above  1,000°,  there  are  several  articles 
which  deserve  mention.  Ball  published  an  article  "  On  the  Changes 
in  Iron  Produced  by  Thermal  Treatment,"^  in  which  he  investigated 
-the  effect  upon  the  tensile  strength  and  magnetic  properties  of  a  steel 
•containing  about  o.  10  per  cent,  carbon  when  slowly  cooled,  and  when 


'  J.  Iron  and  Steel  Inst,  1899,  No.  II,  102. 

'Trans.  Am.  Inst  Min.  Eng.,  1900,  39. 

*J.  Iron  and  Steel  Inst,  1890,  No.  I,  85;  1891,  Na  I,  103. 
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quenched  from  various  temperatures.  The  steel  shows  three  critical 
points,  one  at  660°,  another  at  900°,  and  a  third  at  1,200°,  at  which 
latter  point  the  magnetic  and  physical  properties  reach  a  maximum^ 
Recently  Roberts- Austen  ^  has  published  a  cooling  curve  of  electro- 
lytic iron  which  shows  an  evolution  of  heat  at  a  temperature  of  1,132**, 
and  this  he  identifies  with  the  point  of  maximum  tenacity  observed 
by  Ball.  This  upper  critical  point  coincides  fairly  closely  with  the 
second  point  of  maximum  tenacity  observed  in  the  present  series  of 
experiments. 

Experimental. 

The  material  which  was  used  for  these  experiments  was  a  low  car- 
bon, acid  Bessemer  steel  of  a  commercial  grade,  and  was  kindly  fur- 
nished by  the  National  Tube  Company,  of  McKeesport,  Pennsylvania. 
It  represents  the  average  material  of  this  grade  turned  out  by  the  com- 
pany for  the  manufacture  of  pipes  and  tubes. 

The  chemical  analysis  was  as  follows : 

C=0.07.        S  =  0.058.        P*  =  0.10.        Mn=0.32.        Oxides  =  0.25. 

The  carbon  and  manganese  were  determined  by  colorimetric  methods. 

The  heat  treatment  in  the  mill,  was  approximately  as  follows  :  The 
ingots  were  subjected,  in  the  soaking  pits,  to  a  temperature  of  1,000® 
to  1,200°.  They  entered  the  roughing  train  at  probably  over  1,000°, 
and  the  mechanical  work  was  continued  to  a  full  red  heat.  The  speci- 
mens, thirty  in  number,  were  all  cut  from  plates  rolled  from  the  lower 
two-thirds  of  the  same  ingot,  and  came  in  the  shape  of  bars  18  inches 
long,  1 1  to  2^  inches  wide,  and  |^  inch  in  thickness.  The  edges  were 
planed.  In  order  to  heat  the  specimens  uniformly  and  to  a  temper- 
ature which  could  be  accurately  measured,  the  usual  forms  of  furnaces- 
were  found  inconvenient.  At  the  suggestion  of  Mr.  C.  L.  Norton,'  a 
furnace  heated  by  electricity  was  constructed  and  was  found  to  answer 
all  of  the  requirements  most  admirably. 

The  general  principle  on  which  the  furnace  is  based  is  that  when 
a  conductor  is  traversed  by  a  current,  heat  is  developed  according  to 
Joules' s  law,  W  =  C^R.    The  resistance  of  the  wire,  however,  increases 


'MeUllographist,  No.  II,  186. 

'  Although  high,  the  phosphorus  seems  to  have  had  no  effect  on  the  sue  of  the  grain. 

'  Complete  details  in  regard  to  this  and  other  forms  of  electric  furnaces  used  in  the  heat- 
laboratory,  will  appear  in  a  separate  article  by  Mr.  Norton. 
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as  the  temperature  rises,  and  as  the  loss  of  heat  by  radiation  also  in- 
creases with  the  temperature,  it  may  be  seen  that  for  each  difference 
of  potential  between  the  terminals  there  is  a  certain  maximum  tem- 
perature which  may  not  be  exceeded.  The  rise  in  temperature  for 
1 10  volts  is  shown  by  the  curve  in  Figure  i.  By  the  use  of  220  volts, 
however,  the  temperature  may  be  readily  raised  to  1,300°. 


Fic.  I,  —  Heating  Cukve  of  Furiiacb. 

The  furnace  consisted  of  a  cylindrical  muffle  20  inches  long  and 
3^  inches  in  diameter  wound  with  about  72  feet  of  No.  29  platinum 
wire,  and  inclosed  in  an  insulating  jacket  of  about  15  inches  external 
diameter,  and  30  inches  long.  The  muffle  was  made  by  taking  three 
clay  porous  cups,  sawing  the  bottoms  off  two  of  them  and  placing  the 
three  in  line  so  as  to  form  a  hollow  cylinder  closed  at  one  end.  The 
bottom  of  the  third  cup  was  perforated  by  a  |-inch  hole  so  that  a  tube 
could  be  inserted  and  a  neutral  gas,  such  as  nitrogen  or  carbon  dioxide, 
drawn  through  to  prevent  oxidation  of  the  specimens.  It  was  not 
found  necessary,  however,  in  these  experiments. 

The  three  sections  of  the  muffle  were  wound  independently,  each 
with  about  24  feet  of  No.  29  platinum  wire,  and  the  ends  were  brought 
out  to  six  binding  posts  on  the  outside  of  the  furnace.  The  insulating 
jacket  consisted  of  two  pieces  of  asbestos  pipe  cover,  one  12-inch  piece 
outside,  and  a  4-inch  piece  inside.     The  spaces  between  the  two  pipe 
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covers,  as  well  as  between  the  inner  pipe  cover  and  the  muffle,  were 
packed  with  fibrous  asbestos.     The  whole  furnace  was  supported  in 
a  wooden  cradle,  and  is  shown  in  section  by  the  accompanying  sketch,. 
Figure  2. 

The  electric  current  was  taken  from  the  three  wire  mains  of  the 
incandescent  circuit  by  the  three  coils  in  parallel.  For  temperatures 
below  800°,  1 10  volts  were  used,  and  for  temperatures  above  800*^  the 
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Sech'on  of  Furnace. 

furnace  was  heated  to  800*^  on  the  no  volt  circuit,  and  then  shifted 
to  the  220  volt  circuit. 

The  efficiency  of  the  furnace  was  very  good  indeed.  With  a  dif- 
ference of  potential  of  no  volts  the  current  passing  varied  from  lo* 
amperes  when  cold,  to  6.5  amperes  when  hot,  and  the  furnace  could  be 
heated  to  800*^  in  about  one  and  one-half  hours.     (See  Figure  i.) 

The  pyrometer  used  was  of  the  LeChatelier  thermo-electric  type. 
The  junctions  consisted  of  a  platinum,  and  a  platinum  10  per  cent, 
iridium  wire,  and  were  protected  by  perforated  clay  tubes  The 
junction  was  simply  laid  on  top  of  the '  bar  in  the  furnace,  but  the 
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heating  was  so  gradual  that  this  represented  very  closely  the  actual 
temperature. 

The  galvanometer  was  a  four-coil,  astatic  instrument  suspended 
from  the  ceiling  to  prevent  vibration.  The  source  of  light  was  a 
32  C.P.  lamp,  a  narrow  adjustable  slit  being  interposed  between  it  and 
the  mirror.  The  image  of  the  slit  was  thrown  onto  a  ground  glass 
strip  graduated  in  millimeters. 

The  pyrometer  was  calibrated  against  the  following  substances : 

Boiling  water,  100°  C.  Boiling  naphthalene,  219°.  Boiling  sulphur,  445°. 

Freezing  aluminium,  660°.         Freezing  gold,  1,072°. 

The  temperatures  above  1,072°  were  obtained  by  extrapolation  on  the 
calibration  curves.  The  general  arrangement  of  furnace,  galvanometer, 
and  wiring  is  shown  in  the  photograph  of  the  apparatus,  Figure  3. 

The  treatment  of  the  specimens  was  carried  on  as  follows :  A  bar, 
numbered  at  each  end  with  its  serial  number,  was  placed  in  the  fur- 
nace. Upon  it,  and  extending  to  a  point  one-third  the  length  of  the 
bar  was  placed  the  pyrometer  junction.  The  mouth  of  the  muffle  was 
then  closed  with  a  wad  of  loose  asbestos,  and  the  heating  was  begun. 
The  current  was  turned  on  at  no  volts  with  the  coils  in  parallel  until 
a  temperature  of  800°  was  reached,  when  220  volts  was  turned  on  and 
the  furnace  heated  to  the  desired  tempeiature.  The  circuit  was  now 
broken,  and  the  maximum  temperature  recorded.  The  bar  was  allowed 
to  cool  in  the  furnace,  and  after  24  hours,  at  the  end  of  which  time  it 
was  still  at  a  temperature  of  80°  to  100°,  was  removed.  All  the  bars 
except  Nos.  23  to  2J  inclusive,  were  allowed  to  cool  in  the  furnace. 
The  latter  bars  were  removed  from  the  furnace  just  after  reaching  the 
maximum  temperature  and  thrown  into  a  box  of  sand  and  allowed  to 
cool  naturally,  reaching  the  atmospheric  temperature  in  a  couple  of 
hours.  The  furnace  was  so  well  protected  from  radiation  that  the 
specimens  which  were  allowed  to  remain  in  the  furnace  were  cooled 
extremely  slowly. 

The  bars,  after  the  heat  treatment,  were  machined  for  a  space  of 
about  12  inches  in  the  middle  of  the  bar  to  remove  the  scale  and  allow 
an  accurate  measurement  of  the  cross  section  of  the  specimen.  After 
measuring  the  cross  section,  the  bars  were  marked  for  the  elongation 
in  5  inches,  and  broken  in  a  testing  machine. 

The  testing  machine  used  was  a  50-ton  Olsen  arranged  to  be  run 
by  an  electric  motor.     With  the  motor  running  at  a  constant  rate  the 
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load  rose  rapidly  at  first,  and  then  slowed  up  suddenly  as  shown  by 
a  drop  of  the  beam.  The  stress  at  which  this  occurred  was  taken  as 
the  elastic  limit,  though  its  accuracy  is  probably  questionable  to  the 
extent  of  i  ,000  pounds.  After  the  elastic  limit  was  passed,  the  piece 
began  to  elongate  more  rapidly,  and  the  load  to  rise  more  slowly  up 
to  a  maximum  stress,  beyond  which  the  piece  began  to  draw  down 
under  a  diminishing  load.  The  maximum  load  was  recorded  as  the 
ultimate  strength  of  the  material.  As  the  piece  drew  down,  two  lines 
of  greatest  stress,  forming  a  St.  Andrew's  cross,  showed  themselves 
by  faint  depressions  across  the  bar.  These  depressions  enlarged  until 
the  fracture  occurred,  beginning  at  the  centre  and  extending  to  the 
sides.  This  mode  of  fracture,  which  was  characteristic  of  all  the  speci- 
mens, was  beautifully  shown  by  specimen  No.  10  with  which  the  ma- 
chine was  stopped  just  after  the  middle  had  parted,  and  before  the 
break  had  reached  the  edges.  The  fractured  bars  were  placed  end  to 
end,  and  the  elongation  was  measured  and  recorded.  Owing,  however, 
to  the  way  in  which  the  bars  parted,  the  ends  could  not  be  placed  in 
perfect  contact,  and  there  is  consequently  some  uncertainty  in  the 
accuracy  of  the  percentage  of  elongation. 

From  the  facts  obtained  in  the  above  described  manner,  the  fol- 
lowing data  were  calculated : 

I®.  Temperature  from  which  annealed. 

2°.  Maximum  load,  pounds  per  square  inch. 

3®.  Elastic  limit,  pounds  per  square  inch. 

4°.  Elongation,  per  cent,  of  in  5  inches. 

The  tabulated  results  are  given  in  the  table,  and  are  shown  graph- 
ically in  Figure  4. 

The  specimens  for  microscopic  examination  were  cut  from  the 
ends  of  the  fractured  bars,  and  numbered  with  the  serial  number. 
A  section,  the  thickness  and  width  of  the  bar  and  i  inch  long,  was 
sawed  from  a  point  3  inches  from  the  end  of  the  bar.  This  was  in 
order  to  secure  uniformity  of  heating,  and  at  the  same  time  be  sure 
that  the  section  had  not  been  distorted  by  the  stress  during  pulling. 

The  small  block  so  cut  was  then  planed  and  filed  down  -^^  inch  on 
the  flat  surface  to  remove  all  surface  injuries.  The  specimen  was  then 
bevelled  on  the  upper  edges  and  ground  on  three  grades  of  emery 
cloth,  Nos.  80,  100,  and  120,  and  four  grades  of  *' Rupert's"  French 
emery  paper,  Nos.   10,   i,  o,  and  00.      This  left    the  specimen  with 


Effect  of  Annealing  upon  a  Lotv  Carbon  SiecL 


307 


TABULATED    RESULTS    SHOWN    GRAPHICALLY    IN    FIGURE  4. 


Specimen 
nunaber. 

Temperature. 
(Degrees  C.) 

Area. 

Tensile  strength. 
(Lbs.  per  sq.  in  ) 

Elastic  limit. 
(Lbs.  per  sq.  in.) 

Elongation  in 

5  inches. 

(Per  cent.) 

1 

647* 

.5670 

56,660 

38,790 

31.0 

18 

703 

.5827 

55,620 

37,760 

32,2 

2 

764 

.5767 

55,690 

38,150 

31.2 

6 

765 

.5740 

56,570 

38,320 

29.0 

4 

805 

.4953 

55.880 

38,370 

29.8 

16 

806 

.6829 

55.000 

35.870 

28.4 

15 

817 

.6149 

55.310 

35,780 

31.6 

8 

844 

.5768 

55.470 

38,140 

30.6 

19 

850 

.6063 

.56.790 

37,930 

30.6 

3 

889 

.5923 

59.120 

40,520 

30.0 

11 

901 

.5920 

55,280 

38.010 

33.2 

17 

'914 

.4388 

58.750 

38,130 

■  •  •  • 

14 

939 

.7077 

57.110 

40,260 

33.6 

5 

939 

.5706 

58,120 

40.310 

•  •  •  • 

9 

950 

.6002 

57.760 

39,980 

32  0 

22 

951 

.5244 

56.300 

36,230 

30.6 

7 

988 

.4363 

57.530 

41.260 

28.4 

21 

990 

.5907 

56  690 

38,920 

28.2 

28 

l.Otl 

.6078 

57,190 

37,020 

31.2 

10 

1,(H2 

.6538 

56,840 

38,230 

31.0 

•12 

1,075 

.6134 

53,760 

39,130 

29.8 

29 

1,117 

.5599 

59,770 

41,080 

30.6 

13 

1,143 

.4831 

58.600 

39,340 

29.8 

20 

1,247 

.5667 

53  280 

21,170 

31.2 

'23 

695 

.6764 

58,8S0 

43,610 

32.5 

'24 

8()5 

.7256 

58.530 

38,600 

32.5 

'27 

891 

.6089 

'  60.150 

39,000 

29.0 

'26 

990 

.6355 

60.530 

36,980 

•  •  •  • 

'2.') 

1.247 

.5855 

58,100 

35,870 

30.6 

'  Specimens  aj  to  37  inclusive,  were  rapidly  cooled. 
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Fig.  4-  —  Curves  of  Tensile  Strbnoth  and  Elastic  Limit. 

a  dead  smooth  surface  ready  for  the  final  polishing,  which  was  done 
with  the  finest  jeweller's  rouge  and  water  upon  wash  leather  stretched 
on  a  square  tile.  The  polishing  was  continued  until  the  specimen  was 
entirely  free  from  scratches  and  had  attained  a  mirror-like  surface. 

During  the  progress  of  the  polishing  the  specimens  were  exam- 
ined at  intervals  under  the  microscope.  When  the  scratches  were  all 
removed  they  showed  a  ground  mass  of  ferrite  with  small  yellowish 
markings  of  pearlite  unevenly  distributed  over  the  field.  The  pearlite 
stood  out  slightly  in  relief  due  to  its  superior  hardness.  This  is  shown 
in  Figures  5  and  6.  The  uneven  distribution  of  the  pearlite  was  quite 
noticeable  even  to  the  naked  eye,  the  block  presenting  a  banded  or 
moir^  appearance.  Under  the  microscope  the  carbon  was  seen  to  be 
highly  segregated,  some  areas  being  thickly  strewn  with  the  pearlite, 
while  others  showed  only  scattered  particles. 

When  the  polished  specimens  had  been  e.xamined  they  were  etched. 
The  best  results  were  obtained  by  immersing  one  end  of  the  specimen 
in  10  per  cent,  nitric  acid  for  30  seconds,  and  washing  first  with  run- 
ning water  and  then  with  alcohol.     The  surface  was  dried  by  warming 
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gently.  The  etched  specimens  showed  very  clearly  the  granular 
structure  of  the  steel,  the  joints  between  the  grains  being  well  devel- 
oped. It  is  well  known  that  erroneous  results  are  likely  to  follow  the 
use  of  nitric  acid  as  an  etching  medium,  but  after  trying  many  other 
agents  with  indifferent  success,  it  was  decided  to  use  nitric  acid  uni- 
formly throughout  the  series. 

The  microscope  used  was  one  made  by  Reichert,  of  Vienna,  espe- 
cially for  metallographic  work.  It  was  fitted  with  an  adjustable  me- 
chanical stage,  vertical  illuminator,  and  iris  diaphragm.  The  field  was 
illuminated  by  means  of  a  16  C.  P.  incandescent  lamp  placed  18  inches 
from  the  microscope.  A  3-inch  bull's-eye  condenser  was  interposed 
between  the  two. 

After  the  preliminary  examination  the  specimens  were  photo- 
graphed. The  camera  for  this  purpose  was  the  vertical  type,  and 
was  used  with  the  eye-piece  in  the  microscope  just  as  for  eye  exami- 
nation. The  ground  glass  screen  was  provided  with  a  small  circle  of 
clear  glass  in  the  centre,  and  the  microscope  was  focussed  by  placing 
a  low-power  eye-piece,  with  the  ocular  lens  removed,  upon  it,  and 
focusing  its  smaller  field.  The  exposure  varied  from  20  to  25  min- 
utes.  The  photographs  were  taken  at  84  diameters,  and  are  repro- 
duced at  73  diameters. 

Discussion  of  Results. 

After  the  specimens  had  been  heated  they  were,  as  a  rule,  covered 
with  a  greater  or  less  amount  of  scale.  Those  heated  to  below  750° 
had  a  thin  powdery  coating  of  red  oxide  upon  them,  readily  removable 
with  the  finger.  The  specimens  heated  to  above  750°  had  a  coating 
of  black  magnetic  oxide  varying  in  thickness  from  the  thinnest  pos- 
sible film  at  800°,  to  a  thirty-second  of  an  inch  at  1,200®. 

The  machining  of  the  specimens  gave  no  indication  of  the  tem- 
perature to  which  they  had  been  heated,  even  the  1,247°  specimens 
were  apparently  uninjured.  The  first  difference  in  behavior  was  noted 
when  the  tensile  tests  were  made.  The  specimens  heated  to  below 
1,200®  pulled  in  a  perfectly  normal  manner,  having  a  high  elastic  limit 
and  ultimate  strength,  and,  when  finally  breaking,  showing  a  smooth 
face  and  fibrous  structure.  The  two  specimens  heated  to  1,247° 
behaved  differently.  The  elastic  limit  was  decidedly  lowered,  to 
21,170  pounds  in  the  case  of  the  slowly  cooled  bar.  When  the  elastic 
limit  was   passed,  however,  the  bars  held   out   remarkably  well,  the 
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slowly  cooled  bar  breaking  at  53,280  pounds,  and  the  rapidly  cooled 
bar  at  58,100  pounds  per  square  inch.  After  fracture  had  occurred, 
it  was  seen  that  the  surface  of  these  two  bars  had  roughened,  having 
the  appearance  of  a  piece  of  putty  when  pulled  apart.  This  was  much 
more  noticeable,  in  the  case  of  both  bars,  upon  one  side  than  upon  the 
other,  and  as  the  two  bars  were  heated  in  the  furnace  together,  it  may 
be  that  the  rougher  sides  were  more  exposed  to  oxidizing  gases  than 
the  other  sides  which  were  in  contact  with  each  other.  To  settle  this 
point  will  require  further  experimental  work.  The  fractured  areas  of 
these  two  bars  showed  some  bright  crystalline- spots  resembling  the 
grain  of  overheated  carbon  steel. 

The  results  of  the  tensile  tests  as  shown  by  the  table  and  the 
curves  plotted  from  it  seem  to  indicate : 

1.  That  there  is  a  fair  degree  of  constancy  in  the  tenacity  of  the 
bars  heated  to  below  850°  with  possibly  a  slight  falling  off  between 
-800°  and  850°. 

2.  That  at  890°  there  is  a  sudden  rise  in  the  tensile  strength  from 
56,790  pounds  to  59,120  pounds  per  square  inch. 

3.  That  beginning  at  900°  there  is  a  slight  falling  off  reaching 
a  minimum  of  56,690  pounds  at  1,000°,  from  which  point  it  rises 
again. 

4.  That  at  1,125°  ^^^  strength  reaches  a  second  maximum  of 
59,000  pounds. 

5.  That  from  1,143°  there  is  a  very  decided  falling  off  in  the 
strength,  reaching  53,280  pounds  at  1,247°,  beyond  which  point  the 
experiments  were  not  carried. 

The  concordance  of  the  results  obtained  is  seen  to  be  quite  good, 
most  of  the  observations  lying  within  500  pounds  of  the  mean  curve. 
One  result  only.  No.  11,  lies  widely  off,  showing  a  discrepancy  of 
3,600  pounds.  It  lies,  however,  in  a  portion  of  the  curve  where  the 
strength  changes  rapidly,  so  a  small  error  in  the  temperature  would 
make  a  large  apparent  error  in  the  strength. 

The  results  of  the  elastic  limit  experiments  are  very  similar  to 
those  of  the  ultimate  strength,  but  show  much  larger  variations,  and 
consequently  the  curve  is  more  doubtful ;  but  it  seems  to  be  of  the 
same  nature  as  the  ultimate  strength  curve. 

The  results  of  the  elongation  determinations  were  very  unsatisfac- 
tory, owing,  as  already  stated,  to  the  impossibility  of  matching  the 
ends  together.  As  well  as  could  be  determined,  however,  it  seems 
to  show : 


-Etched  by  Polishing.    SPECinKti  No.  i.    Cooled  Slowly 
FROM  647°.    Tensile  Strenoth,  j6.66o  Lbs.  X  73. 


Fir.,  6.  — Etched  bv  Polishing.    Spectmen  No.  2a    Cooled  Slowly 
FROM   1,147=.    Tensile  .Sthenoth,  53.J30  [.us,  X  73. 


-Etched  30  Seconds  f^  UNOj.    Specihen  No.  3.    Cooled  Si.o' 
FROM  889°.     Tensile  Strength,  59,120  Lbs.  X  73- 


'EciMKH  No.  7.    Cooled  Slowly 

.  57.530  Lbs.  X  73- 


Fig,  9.  —  Etchkd  30  Seconds  I'o  HNOj.    Specimen  No.  18.    Ccmh 
Slowly  f«ou  1.041°.    Tensile  Strenrth,  57.190  Lbs.  x  73. 


Fig.  II.  — Etched  30  Seconds  ^  HNO..    Specihbn  No.  to     Cooled 
Hi.owLV  FROM  1.147".    Tensile  Stiength  53,280  I, as.  x  73. 
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1.  A  decrease  in  elongation  to  800**,  at  which  point  it  is  about 
29  per  cent. 

2.  A  rise  to  950°,  where  it  reaches  32.5  per  cent. 

3.  A  sudden  decrease  to  1,000®,  at  which  point  it  again  reaches 
29  per  cent. 

4.  A  gradual  increase  up  to  the  limit  of  the  experiments  1,247°, 
at  which  temperature  the  elongation  is  31.2  per  cent. 

The  rapidly  cooled  specimens  show  a  tensile  strength  quite  uni- 
formly from  2,000  pounds  to  2,500  pounds  higher  than  the  correspond- 
ing slowly  cooled  specimens,  with  the  exception  of  the  990°  rapidly 
cooled  bar  which  broke  at  60,530  pounds,  or  even  higher  than  the 
900°  bar.  The  stretch  limit  shows  a  gradual  decrease  from  43,000 
pounds  at  695°  to  36,000  pounds  per  square  inch  at  1,247°.  The 
variations  in  the  elongations  seem  to  be  less  than  the  errors  of 
determination. 

The  microscopic  examination  of  the  different  specimens  has  been 
disappointing.  On  account  of  the  very  small  amount  of  carbon  it  is 
extremely  difficult,  if  not  impossible,  to  distinguish  the  different  speci- 
mens which  have  been  etched  only  by  polishing  in  relief.  There  is  in 
all  specimens  a  ground  mass  of  structurally  free  ferrite  through  which 
are  disseminated  particles  of  another  constituent  which  we  would  ex- 
pect to  be  pearlite,  but  which  looks  very  much  more  like  structurally 
free  cementite,  (Figure  5).  In  no  case  was  it  possible  to  observe  the 
characteristic  pearlite  markings.  The  appearance  is  usually  that  of 
an  amorphous  granular  mass  which  stands  in  relief.  With  increase  of 
temperature  there  is  a  greater  tendency  for  this  constituent  to  segre- 
gate in  masses.  The  scratches  which  appear  on  the  specimens  from 
polishing  would  also  seem  to  indicate  the  presence  of  cementite,  as 
the  course  of  the  scratch  is  usually  interrupted  and  continues  beyond 
the  particle.  Figures  5  and  6  show  the  general  appearance  of  the 
microstructure  of  the  specimens  which  have  been  etched  by  polishing 
in  relief. 

The  examination  of  specimens  etched  with  dilute  nitric  acid  shows 
that  the  grain  is  practically  uniform  in  size  in  those  specimens  annealed 
from  850°  and  below.  When  we  come  to  specimen  No.  3,  Figure  7, 
slowly  cooled  from  889°,  however,  we  see  a  marked  change  in  the 
structure.  The  granular  structure  has  disappeared,  and  has  been 
replaced  by  a  fine  close  structure  resembling  porcelain.  Specimens 
Nos.  17,  5,  and  9,  slowly  cooled  from  914®,  939*^,  and  950°  respect- 
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ively,  show  a  fine  structure  but  with  grains,  visible  under  a  magnifica- 
tion of  84  diameters. 

Specimen  7,  Figure  8,  shows  again  a  larger  development.  Speci- 
mens 12  and  13  show  a  grain  of  a  size  not  greatly  different,  but  with 
a  structure  very  different.  Specimen  13,  Figure  10,  shows  parallel 
striations  or  bands  appearing  as  alternating  dark  and  light  streaks. 
These  bands  occur  in  groups  in  which  the  component  lines  are  parallel, 
but  in  the  different  groups  they  are  nearly  at  right  angles.  Specimen 
20,  which  was  cooled  from  1,247°  shows  an  enormous  increase  in  the 
grain,  and  also  a  marked  development  of  these  bands  or  striae  through 
the  grains.     This  is  well  shown  in  Figure   11. 

A  comparative  study  of  the  results  of  the  tensile  tests  and  the 
microscopic  examination  show  in  general  a  fairly  close  relation  between 
the  size  of  the  grain  and  the  tensile  strength.  The  larger  the  grain 
the  lower  is  the  tensile  strength  and  elastic  limit.  The  latter  seems 
to  be  affected  by  the  grain  more  than  the  former.  The  elongation 
•does  not  show  any  definite  relation  to  the  size  of  the  grain. 

The  bars  which  were  cooled  slowly  from  below  850°,  show  a  tensile 
strength  of  from  55,500  to  56,500  pounds  and  a  grain  of  fairly  large 
diameter.  Passing  from  850°  to  900°  there  is  a  very  marked  increase 
in  the  tensile  strength,  59,000  pounds,  and  an  equally  sudden  diminu- 
tion in  the  size  of  the  grains,  the  latter  becoming  the  finest  noted  in 
the  series.  From  900°  to  1,000°  the  gradual  increase  in  the  grain 
is  accompanied  by  a  decrease  in  the  strength,  the  two  being  quite 
proportional. 

Above  1,050°  there  is  an  increasing  size  of  grain  to  a  slight  extent, 
but  the  structure  here  is  changing  to  the  banded  type.  The  strength 
increases  through  this  range  to  1,143°,  showing  that  this  structure  is 
a  strong  one,  and  masks  the  effects  of  the  grain  structure.  Above 
1,143°,  however,  the  grain  increases  rapidly  and  the  strength  decreases 
correspondingly. 

In  general  the  following  tentative  conclusions  may  be  drawn : 

I.  For  this  particular  steel  annealing  seems  to  give  two  points 
of  maximum  tenacity  and  elastic  limit,  one  at  890°,  and  another  at 
1,125°.  Below  850°  the  properties  of  the  steel  do  not  change  to  any 
appreciable  extent,  and  between  890°  and  1,125°,  the  steel  shows  a 
minimum  value  at  1,000°.  Annealing  from  temperatures  above  1,125° 
causes  a  decrease  in  strength  with  increasing  temperature. 

The  size  of  the  grain  is  apparently  constant  or  increases  but  slowly 


Effect  of  Annealing  upon  a  Low  Carbon  St  eel.  313 

at  temperatures  below  850°.  At  890°  the  grain  is  suddenly  refined, 
and  the  structure  becomes  close  and  almost  porcelain-like.  From 
temperatures  above  this,  annealing  seems  to  cause  a  gradual  increase 
in  size  slowly  up  to  1,125**,  ^^^d  rapidly  from  that  point  up  to  the  limits 
of  the  experiments. 

3.  Above  i,icx5°  a  new  type  of  structure  appears  which  seems  to 
consist  of  parallel  bands  and  striations  sometimes  crossing  the  grain 
junctions.  This  type  of  structure  has  not,  however,  been  carefully 
studied,  and  we  are  not  prepared  at  present  to  state  its  significance. 

4.  Below  1,000®  there  is  a  fairly  close  relation  between  the  size 
of  the  grain  and  the  strength,  the  latter  falling  off  as  the  former  in- 
creases, and  vice  versa,  A  fine  grain  indicates  a  high  tensile  strength 
and  elastic  limit.     The  latter  is  affected  more  than  the  former. 

5.  Above  1,000*^  the  banded  structure  appears  to  increase  the 
strength,  and  also  somewhat  retard  the  grain  development,  but  at 
1,125**  the  latter  takes  the  ascendency  as  indicated  by  the  decrease 
in  strength  from  that  point  to  1,247®. 

The  banded  structure  when  not  accompanied  by  an  excessive  grain 
appears  to  be  a  very  strong  form. 

6.  Rapid  cooling,  as  in  the  open  air,  gives  a  higher  tensile  strength 
than  does  slow  cooling  from  the  same  temperature. 

7.  The  size  of  the  grain  of  the  more  rapidly  cooled  specimens 
(23-27)  follow  the  same  general  laws  as  for  the  slowly  cooled,  except 
that  the  grain  for  the  same  temperature  is  uniformly  smaller. 

In  connection  with  the  point  of  maximum  tenacity  and  the  related 
change  in  structure,  it  may  be  said  that  its  position  1,140°  corresponds 
closely  with  the  highest  critical  point  observed  by  Roberts-Austen  in 
his  cooling  curve  of  electro-iron,  and  also  with  the  point  of  maximum 
tenacity  observed  by  Dr.  Ball. 

It  is  desired  to  express  the  thanks  of  the  authors  to  Mr.  C.  L. 
Norton,  without  whose  aid  and  kindly  advice  much  of  the  work  would 
have  been  impossible ;  likewise  to  Professors  Miller  and  Schwamb  for 
the  use  of  much  valuable  apparatus. 
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PERMANENT  STANDARDS  FOR  USE  IN  THE  ANAL  YSIS 

OF  WATER, 

By  DANIEL  D.  JACKSON. 

CoLORiMETRY  plays  such  an  important  part  in  the  analysis  of 
water  that  standards  for  comparison  are  in  constant  use,  and  in  labo* 
ratories  for  water  analysis  much  time  is  consumed  in  the  preparation 
of  these  standards.  At  the  present  writing  permanent  standards  are 
used  for  the  determinations  of  color,  turbidity,  and  nitrate.  It  is 
proposed  to  add  to  this  list  permanent  standards  for  the  determination 
of  ammonia,  nitrite,  and  iron,  all  of  which  have  been  determined 
heretofore  by  the  use  of  comparisons  made  from  a  series  of  known 
amounts  of  the  constituent  to  be  determined,  and  none  of  which 
standards  are  sufficiently  permanent  to  be  used  more  than  once.  It 
may  be  well  to  describe  the  permanent  standards  already  employed, 
and  then  to  take  up  in  detail  the  new  standards  proposed. 

Color. 

An  instrument  which  has  been  in  common  use  for  the  estima- 
tion of  the  color  of  water  in  England,  is  the  Tidy  Colorimeter.^  This 
consists  of  two  2-foot  tubes  with  ground  glass  ends.  The  water  to 
be  examined  is  placed  in  one  of  these  tubes,  and  in  the  other  is 
poured  distilled  water.  Two  wedges,  one  containing  potassium  bichro- 
mate for  the  yellow  color,  and  one  containing  copper  sulphate  for 
the  blue  color,  are  used.  When  the  superimposed  wedges  examined 
through  the  tube  of  distilled  water  exactly  equal  the  color  of  the 
water  to  be  determined,  the  results  are  expressed  as  read  upon  the 
wedges  in  amounts  of  yellow  and  blue. 

In  America  the  determination  of  the  color  of  water  has  been 
based  upon  the  standard  recommended  by  Leeds,^  —  that  of  Nessler- 
ized  ammonia,  and  all  results  have  been  reported  in  terms  of  this 
standard  or  of  some  scale  based  directly  or  indirectly  upon  it. 


'Crookes,  Odling  &  Tidy.    Chem.  News,  43,  174.    Am.  Chem.  Joar.,  14,  500. 
*  Proc  Am.  Chem.  Soc.,  2,  8. 
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The  natural  water  standards  are  made  by  a  series  of  dilutions  of 
a  highly  colored  surface  water  which  are  compared  with  the  Nessler 
scale  or  with  the  Lovibond  tintometer.^  The  Nessler  scale  and  stand- 
ards based  directly  upon  it  are  not  uniform  in  the  low  portion  of  the 
scale,  chiefly  because  the  amount  of  Nessler  solution  added  to  the  am- 
monia standards  is  a  large  factor  in  the  production  of  color.  What 
should  be  a  standard  of  .10  is  in  reality  .18,  and  the  extra  .08  is  due 
for  the  most  part  to  the  color  of  the  two  cubic  centimeters  of  Nessler 
solution  added.  In  the  upper  part  of  the  scale  this  color  of  the 
Nessler  solution  itself  sinks  into  insignificance.  But  inasmuch  as 
the  lower  part  of  the  scale  is  constantly  used  in  water  analysis,  it  is 
necessary  that  it  should  be  uniform. 

Hazen's^  platinum-cobalt  color  standard  is  designed  to  fulfill  this 
purpose.  It  is  prepared  as  follows  :  1.246  grams  of  potassium  platinic 
chloride  (PtCl4.2KCl)  and  i  gram  of  cobaltous  chloride  (C0CI2.6H2O) 
are  dissolved  in  distilled  water,  icx)  c.c.  of  strong  hydrochloric  acid 
added,  and  the  solution  made  up  to  1,000  c.c.  with  distilled  water.  If 
we  express  the  results  in  parts  per  million  of  platinum,  this  solution 
is  a  standard  of  500,  and  standards  made  by  diluting  i,  2,  and  3  c.c.  of 
this  solution  in  50  c.c.  Nessler  tubes  give  colors  of  10,  20,  and  30. 
Better  tubes  for  this  purpose  are  100  c.c.  tubes  of  colorless  glass 
2.2  cm.  (I")  in  diameter,  and  23.5  cm.  (9J")  to  the  100  c.c.  mark. 
A  series  of  twelve  tubes  are  prepared  by  adding  the  following  amounts 
of  the  standard  to  the  tubes  and  making  up  to  the  100  c.c.  mark  with 
distilled  water. 


Amount  of  strong  stauidard  added. 
Occ. 

Standard  color. 
(Pts.  per  million  platinnm.) 

0 

1  C.C. 

5 

2  C.C. 

10 

3c.c. 

15 

4  cc. 

20 

5  cc 

25 

6cc 

30 

7cc 

35 

8cc 

40 

10  c.c 

50 

12  cc 

60 

14  cc 

70 

'£.  H.  Richards  and  J.  W.  Ellms,  Jour.  Am.  Chem.  Soc,  XVII,  January,  1896. 
*  Am.  Chem.  Jour.,  XIV,  No.  4. 
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Standards  beyond  this  point  are  difficult  of  comparison,  and  waters 
of  deeper  color  sliould  be  read  by  dilution.  The  reason  for  this  diffi- 
culty is  that  the  components  of  the  color  in  the  natural  water  are  not 
the  same  as  in  the  platinum-cobalt  standard,  and  if  the  depth  of  the 
liquid  remains  the  same,  the  relative  absorption  of  light  by  these  com- 
ponents varies  with  the  strength  of  the  color.  The  following  diagram, 
Figure   i,  illustrates  this  point : 

«o  «o  ao  raa 


g 


Figu 


—  COHFARrSON     OF     COLOR     STANDARDS. 

»  at  left^parts  per  million  oC  platinum. 


Line  A  represents  the  cubic  centimeters  of  Hazen's  standard 
necessary  to  make  the  standards  figured  at  the  left  if  made  up  in  the 
■  loo  c.c.  tubes  described.  In  this  case  the  cubic  centimeters  of  plati- 
num and  of  cobalt  used  are  the  same.  The  other  lines  represent  the 
excess  of  cobalt  solution  of  the  same  strength  required  to  match  vari- 
ous colored  waters,  both  artificial  and  natural. 
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B  =  Maple  leaf  extract. 

C  =  Natural  water  standard  from  Fall  River,  Massachusetts. 

D  =  Cedar  leaf  extract. 

E  =  Birch  leaf  extract. 

F  -=•  Natural  water  standard  from  Westboro,  Massachusetts. 

G  =  Natural  water  from  Winooski,  Vermont. 

Since  this  diagram  was  made,  a  leaf  extract  and  a  natural  surface 
.water  have  been  examined  which  follow  Hazen's  standard  (line  A)  to 
1 50,  and  then  fall  off  toward  the  red  (line  B),  The  hue  of  both  of 
these  waters  was  inclined  toward  the  green. 

The  conclusions  to  be  drawn  from  this  diagram  and  from  the  fore- 
going considerations  are  : 

(i)  That  if  the  highly  colored  waters  were  uniform  in  hue,  it 
would  be  feasible  to  make  standards  from  two  separate  solutions  of 
platinum  and  cobalt  to  correspond  with  the  diagram,  but  that  it  is 
impossible  to  make  a  set  of  standards  which  would  always  match  the 
color  of  surface  waters  because  of  the  difference  in  hue  in  various 
waters,  and  even  in  the  same  water  at  different  seasons  of  the  year. 

(2)  That  while  the  natural  water  standards  follow  more  closely  the 
hue  usually  found  in  colored  waters,  they  do  not  agree  with  each  other 
in  hue  if  the  source  of  collection  is  different. 

(3)  That  this  failure  to  agree  in  hue  takes  place  at  about  the  same 
point  on  the  scale  whether  the  platinum-cobalt  standards  or  the  natural 
water  standards  be  used. 

(4)  That  above  a  standard  of  70  parts  per  million  of  platinum  on 
Hazen's  scale,  or  .90  on  the  Nessler  scale,  the  color  of  a  water  should 
be  read  by  dilution  even  when  natural  water  standards  are  employed. 

(5)  That  Hazen's  platinum-cobalt  standard  if  read  below  70  is  per- 
fectly uniform,  and  the  most  practical  and  accurate  standard  for  the 
determination  of  the  color  in  water. 

« 

Turbidity. 

Professor  Mason's  ^'permanent  standards  for  turbidity  are  made  by 
adding  a  weighed  amount  of  kaolin  to  distilled  water.  A  series  of 
standards  are  then  prepared  which  are  graduated  in  parts  per  million 
of  kaolin.  On  account  of  the  variation  in  the  size  of  the  particles  in 
kaolin,  and  the  great  differences  found  in  different  kaolins,  it  has  been 


'Examination  of  Water,  page  12.    John  Wiley  &  Sons. 
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deemed  advisable  to  use  finely  powdered  diatomaceous  earth  ^  instead 
of  kaolin.  The  diatom  frustules  being  finely  striated,  break  up  when 
ground  into  particles  of  great  uniformity  in  size,  and  are  composed  of 
practically  pure  silica  unacted  on  by  water  or  acids. 

This  diatomaceous  earth  is  ignited  to  free  it  from  organic  matter, 
ground  to  an  impalpable  powder,  put  through  a  200-mesh  sieve  to 
break  up  the  lumps  produced  in  grinding,  dried  at  100°  C,  cooled  in 
a  desiccator  and  kept  in  a  tightly  stoppered  bottle.  One  gram  of  this 
earth  is  weighed  out  and  put  into  i  liter  of  distilled  water.  This 
mixture  equals  a  standard  of  1,000.  Twelve  dilute  standards  are  pre- 
pared in  100  c.c.  tubes  like  those  described  for  color  standards,  and 
made  up  to  the   100  c.c.  mark  in  the  following  manner : 


Amount  of  strong  standurd  addad. 
.0  C.C. 

Standard  turbidity. 
(Pts.  per  million  silica.) 

0 

• 

1.0  cc 

10 

1.5  cc. 

15 

2.0  c.c. 

20 

2.5  C.C. 

25 

3.0  cc 

30 

4.0  c.c 

40 

5.0  c.c 

50 

6.0  cc 

60 

7.0  c.c 

70 

8.0  cc 

80 

9.0  cc 

90 

10.0  cc 

100 

These  standards  are  kept  tightly  corked  and  are  shaken  violently 
before  comparison  with  the  water  to  be  measured  for  turbidity.  When 
new  corks  are  used  they  are  boiled  in  distilled  water  several  times  to 
extract  any  coloring  matter  which  they  may  contain.  For  higher  tur- 
bidities the  water  to  be  examined  is  diluted  until  it  falls  within  the 
standard  scale.  The  turbidity  is  always  compared  sidewise  toward  the 
light.  For  the  reading  of  low  turbidities  in  water,  similar  sets  of  per- 
manent standards  are  prepared  in  bottles  of  the  same  size  as  those 
employed  for  collection  of  the  samples  of  water.  Turbidities  between 
o  and  20  have  been  found  to  be  determined  much  more  accurately  by 
the  use  of  these  bottles. 


I  G.  C.  Whipple  and  D.  D.  Jackson,  Technology  Quarttrly,  Vol.  XII,  No.  4;  also  Tick- 
nclegy  Quarterly^  Vol.  XIII,  No.  3. 
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Nitrogen  as  Nitrate. 

A  most  satisfactory  permanent  standard  for  nitrate  as  determined 
by  the  phenol-sulphonic  acid  method  is  made  up  by  Mason  as  follows : 

Strong  standard  nitrate  solution  is  made  by  dissolving  .72  gram 
of  pure  potassium  nitrate  in   i   liter  of  distilled  water. 

Dilute  standard  nitrate  is  then  made  from  the  strong  solution  by 
evaporating  10  c.c.  of  the  strong  solution  just  to  dryness  and  then 
adding  2  c.c.  of  phenol-sulphonic  acid,  rubbing  the  residue  quickly  and 
thoroughly  with  the  acid  by  means  of  a  glass  rod,  and  making  up  to 
I  liter  with  distilled  water. 

Permanent  standards  for  comparison  are  made  from  this  dilute 
solution  in  100  c.c.  tubes,  3  cm.  (i^')  in  diameter,  and  13.2  cm.  (5^") 
to  the  100  c.c.  mark.  Five  cubic  centimeters  of  strong  ammonia  is 
added  to  each  tube,  and  the  series  of  standards  made  up  as  follows : 


Amount  of  dilute  standaud  added. 

Standard  nitrate. 

.0  C.C. 

.0 

1.0  C.C. 

.1 

3.0  C.C. 

.3 

5.0  C.C. 

.5 

7.0  C.C. 

.7 

10.0  C.C. 

1.0 

15.0  C.C. 

1.5 

20.0  C.C 

2.0 

25.0  C.C. 

2.5 

30.0  CO. 

3.0 

35.0  CO. 

3.5 

40.0  C.C. 

4.0 

If  the  water  to  be  examined  is  very  low  in  nitrate,  50  c.c.  are 
evaporated  to  dryness;  25  c.c.  is  the  usual  amount  taken,  but  if  the 
water  is  high  in  nitrate  less  should  be  used.  The  residue  is  then 
treated  with  i  c.c.  of  phenol-sulphonic  acid  and  thoroughly  covered 
with  the  acid  by  stirring  with  a  glass  rod.  A  small  amount  of  dis- 
tilled water  is  then  added  (7-10  c.c),  after  which  it  is  rendered  alka- 
line with  ammonia.  The  solution  is  now  washed  into  a  icx)  c.c.  tube, 
made  up  to  the  mark  with  distilled  water,  and  the  yellow  color  pro- 
duced is  compared  with  the  permanent  standards.  If,  for  example, 
50  c.c.  of  the  water  is  taken,  then  the  figure  obtained  by  comparison 
with  the  standards  is  multiplied  by  .2  to  obtain  parts  per  million  of 
nitrogen  as  nitrate. 
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If  the  standards  are  kept  well  corked  with  stoppers  which  have' 
had  the  coloring  matter  extracted  from  them  by  boiling  water,  they 
will  keep  perfectly  well  for  several  months.      Consequently  artificial 
standards  are  in  this  case  entirely  unnecessary. 

Nitrogen  as  Free  and  Albuminoid  Ammonia. 

The  success  of  Hazen's  platinum-cobalt  standard  for  color  has  led' 
the  author  to  construct  tables  for  the  preparation  of  similar  perma- 
nent standards  for  use  in  the  colorimetric  determinations  of  ammonia, 
nitrite  and  iron. 

The  standards  which  are  made  up  for  the  determination  of  ammo- 
nia may  be  duplicated  by  a  permanent  set  prepared  from  potassium 
platinic  chloride  and  cobaltous  chloride,  and  with  a  little  practice  the 
Nessler  solution  may  be  prepared  to  exactly  fit  the   standards  each' 
time. 

Preparation  of  Nessler  Solution,  —  Dissolve  61.75  grams  of  potas- 
sium iodide  in  250  c.c.  of  redistilled  water,  and  add  a  cold  solution  of 
mercuric  chloride  which  has  been  saturated  by  boiling  with  excess  of 
the  salt.  Pour  in  the  mercury  solution  cautiously,  and  add  an  amount 
just  sufficient  to  make  the  color  a  permanent  bright  red.  With  a  little 
practice  the  exact  depth  of  color  can  be  easily  duplicated.  It  will  take 
a  little  over  4CX)  c.c.  of  the  mercuric  chloride  solution  to  reach  this 
end  point.  Dissolve  the  red  precipitate  by  adding  exactly  .75  gram- 
of  powdered  potassium  iodide.  Then  add  150  grams  of  potassium^ 
hydrate  dissolved  in  250  c.c.  of  water.  Make  up  to  i  liter.  Mix 
thoroughly  and  allow  the  precipitate  formed  to  settle. 

It  is  best  to  make  up  a  large  amount  of  Nessler  solution,  and  if 
by  its  use  the  ammonia  standards  do  not  fit  the  artificial  ones  prepared 
from  the  platinum  and  cobalt  soluffons,  a  little  more  mercuric  chloride 
to  increase  sensitiveness,  or  potassium  iodide  to  decrease  it,  will  bring 
the  Nessler  solution  to  the  point  where,  if  just  2  c.c.  are  used,  the 
regular  ammonia  standards  will  exactly  fit  the  artificial  ones.  The 
artificial  standards  may  then  be  employed  for  the  ammonia  readings 
until  the  Nessler  solution  tested  is  entirely  used  up.  Of  course,  each 
new  lot  of  Nessler  solution  should  be  compared  to  see  that  it  has  the 
proper  degree  of  sensitiveness  to  fit  the  standards.  Very  close  to 
2  c.c.  of  Nessler  solution  should  always  bo  used  in  Nesslerizing,  as  the 
amount  of  this  solution  effects  the  depth  of  color,  especially  in  the 


Permanent  Standards  for  Use  in  the  Analysis  of  Water.     32 1 

lower  part  of  the  scale.  To  prepare  the  permanent  standards  two 
separate  solutions  are  necessary. 

Platinum  Solution.  —  Weigh  out  2  grams  of  potassium  platinic 
chloride  (Pt  Cl^.2  KCl),  dissolve  in  a  small  amount  of  water;  add 
100  c.c.  of  strong  hydrochloric  acid,  and*^make  up  to  i   liter. 

Cobalt  Solution,  —  Weigh  out  1 2  grams  of  cobaltous  chloride 
(C0CI2.6  HgO),  dissolve  in  distilled  water;  add  icx)  c.c.  of  strong 
hydrochloric  acid,  and  make  up  to   i   liter. 

Varying  amounts  of  these  two  solutions  are  required,  because  the 
color  of  the  "Nessler  standards  becomes  more  and  more  reddish  as  the 
amount  of  ammonia  increases.  The  standards  are  made  up  in  50  c.c. 
Nessler  tubes  1.7  cm.  (H^")  in  diameter,  and  21  cm.  (8^")  from  the 
bottom  to  the  50  c.c.  mark.  Twelve  standards  are  prepared  by  filling 
up  to  the  50  c.c.  mark  with  distilled  water  as  follows  : 


c.c.  Pt.  aolution. 

CO.  Co.  solution. 

Standard  Ammonia, 

1.0 

+ 

.0 

■ — 

.0 

1.8 

+ 

.0 

= 

.1 

3.2 

+ 

.0 

= 

.3 

4.5 

+ 

.1 

= 

.5 

5.9 

+ 

.2 

=s= 

.7 

7.7 

+ 

.5 

= 

1.0 

9.4 

+ 

.9 

1.3 

10.4 

+ 

1.3 

s— 

1.5 

12.7 

+ 

2.2 

— 

2.0 

15.0 

+ 

3.3 

• — '■ 

2.5 

17  3 

+ 

4.5 

= 

3.0 

19.0 

+ 

5.7 

= 

3.5 

19.7 

+ 

7.1 

= 

4.0 

19.9 

+ 

8.7 

: 

4.5 

20.0 

+ 

10.4 

: 

5.0 

20.0 

+ 

15.0 

^^ 

6.0 

The  following  diagram.  Figure  2,  expresses  in  an  interesting  way 
the  relation  between  the  standards  and  the  two  solutions  used  : 

It  will  be  seen  that  very  little  cobalt  is  required  until  the  point  .7 
is  reached.  Then  the  cobalt  required  increases  rapidly.  It  is  at 
about  this  same  point  in  the  Hazen  color  standards  that  difficulty  in 
matching  begins,  because  the  deeper  colored  waters  appear  more  red- 
dish than  the  standards.  But  as  before  stated,  in  Hazen's  color  stand- 
ards the  color  usually  read  is  so  low  that  standards  made  from  two 
separate  solutions  are  neither  practical  nor  necessary. 
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Fig.  2.  —  Permanent  Ammonia  Standards. 
A^  Cobalt  Solution.     By  Platinum  Solution. 

The  components  of  the  colors  in  the  natural  and  in  the  artificial 
ammonia  standards  have  not  the  same  appearance  at  different  concen- 
trations, and  the  same  depth.  This  fact  may  be  easily  demonstrated 
by  holding  the  standard  of  6.o  sidewise  toward  the  light  together  with 
the  regular  Nessler  ammonia  standard.  While  they  agree  perfectly 
on  examining  them  lengthwise  through  the  tubes,  they  do  not  agree 
at  all  sidewise  where  slight  depth  is  exposed.  In  this  position  the 
artificial  standard  is  decidedly  pink,  and  not  brownish  yellow  as  it 
appears  lengthwise.  This  difference  in  the  coefficient  of  absorption 
of  light  renders  it  impossible  to  make  standards  for  ammonia  from 
any  one  single  platinum-cobalt  solution. 

In  the  ammonia  determination  the  water  is  distilled  into  50  c.c. 
tubes,  and  after  the  ammonia  tubes  to  be  examined  have  come  to  room 
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temperature  they  may  be  Nesslerized.  They  should  be  kept  for  five  or 
six  minutes  until  the  full  depth  of  color  is  reached.  Then  they  may 
be  read  at  leisure,  as  no  further  change  takes  place  in  them  for  several 
hours.  The  temperature  of  the  waters  to  be  read  may  vary  between 
18°  and  25°  C.  (64®  and  yj"^  F.)  without  material  change  in  depth  of 
color.  If,  for  example,  500  c.c.  of  water  is  distilled  and  the  sum  of  the 
ammonia  tubes,  either  free  or  albuminoid,  compared  with  the  stand- 
ards, reads  4.2,  then  the  water  contains  .084  parts  per  million  of 
nitrogen  as  ammonia. 

Nitrogen  as  Nitrite. 

Standards  made  from  two  separate  solutions  are  best  in  this  case 
also. 

Cobalt  Solution.  —  Weigh  out  24  grams  of  cobaltous  chloride 
(C0CI3 .6H2O)  and  dissolve  it  in  distilled  water.  Add  100  c.c.  of 
strong  hydrochloric  acid,  and  make  up  to  i  liter  with  distilled  water. 

Copper  Solution, — Weigh  out  12  grams  of  dry  cupric  chloride 
(CuClj  .2H2O)  ;  dissolve  in  water;  add  100  c.c.  strong  hydrochloric 
acid  and  make  up  to  i  liter  with  distilled  water. 

The  standards  are  made  up  in  100  tubes  like  those  described  for 
nitrate  standards.  The  following  table  gives  the  proportions  of  each 
solution  to  be  made  up  to  the  100  c.c.  mark : 


C.C  Cobalt  solution. 
.0 

cc.  Copper 
.0 

solution. 

Sundard  nitrite. 
0 

l.I 

1.1 

1 

3.5 

3.0 

3 

6.0 

5.0 

5 

12.5 

&0 

10 

20.0 

&0 

15 

The  standard  of  1 5,  although  it  can  be  compared  with  the  nitrite 
in  color,  still  is  not  so  satisfactory  as  the  Others,  due  to  the  increased 
effect  of  the  yellow  component  either  in  the  copper  or  the  cobalt  solu- 
tion.    This  it  seems,  however,  cannot  in  any  way  be  obviated. 

To  determine  nitrite  fill  a  100  c.c.  Nessler  tube  with  water  to  be 
tested,  add  i  c.c.  of  hydrochloric  acid  (i  14),  then  2  c.c.  of  sulphanilic 
acid  (8  grams  per  liter),  and  finally  2  c.c.  of  naphthylamine  hydrochlo- 
rate  (8  grams  per  liter  with  10  c.c.  of  strong  hydrochloric  acid),  allow  to 
stand  twenty  minutes  until  the  full  development  of  the  color  appears. 
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The  tubes  should  be  tightly  corked,  as  nitrite  is  often  rapidly  ab- 
sorbed from  the  air.  The  temperature  unless  nearly  at  the  freezing 
point  does  not  effect  the  development  of  the  color.  If  loo  c.c.  of 
water  is  taken,  and  on  treatment  it  develops  a  color  corresponding 
to  the  standard  of  3,  then  the  water  contains  .003  parts  per  million 
of  nitrogen  as  nitrite.  The  following  diagram.  Figure  3,  shows  the 
proportion  of  the  two  solutions  used. 


Fig.  3.  —  PsRMANSHT  Nitrite  Standards. 
A,  Cobalt  Solution.     B,  Copper  Soludon. 

Iron. 

Very  satisfactory  standards  for  the  iron  determination  may  be  pre- 
pared from  platinum  and  cobalt,  but  in  this  case  also,  the  standards 
must  be  made  from  two  separate  solutions. 

Platinum  Solution.  —  Weigh  out  1 2  grams  of  potassium  platinic 
chloride,  dissolve  in  distilled  water,  add  100  c.c.  of  strong  hydrochloric 
acid  and  make  up  to  i  liter  with  distilled  water. 
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Cobalt  Solution.  —  Weigh  out  24  grams  of  dry  cobaltous  chloride 
crystals,  dissolve  in  a  small  amount  of  water,  add  ICX5  c.c.  of  strong 
hydrochloric  acid  and  make  up  to  i  liter  with  distilled  water. 

The  standards  are  prepared  in  100  c.c.  tubes  like  those  used  for 
nitrate  standards,  and  are  made  up  to  the  100  c.c.  mark  with  distilled 
water  in  the  proportions  given  below : 


C.C  Cobalt  solution. 

.0 

+ 

c.c  Platinum  solotioD. 
0 

S^S 

Standard  iron 
.0 

1.0 

+ 

2 

.1 

3.0 

+ 

6 

— 

.3 

5.0 

+ 

10 

.5 

7.5 

+ 

14 

= 

.7 

11.0 

+ 

20 

-= 

1.0 

17.0 

4- 

28 

= 

1.5 

24.0 

+ 

35 

» 

2.0 

32.0 

+ 

39 

= 

2.5 

43.0 

+ 

40 

=» 

3.0 

55  0 

+ 

40 

— 

3.5 

67.0 

+ 

40 

» 

4.0 

The  following  diagram.  Figure  4,  is  interesting  as  showing  the 
relation  of  the  components  used,  and  the  impossibility  of  matching 
the  higher  colors  by  a  single  solution. 

The  brownish  red  color  produced  in  the  determination  of  iron  is 
unaffected  by  ©rdinary  variations  in  temperature.  As  the  color  begins 
to  fade  soon  after  it  is  developed,  it  is  necessary  to  make  the  compar- 
isons directly  after  adding  the  potassium  sulphocyanide  solution. 

Inasmuch  as  the  amount  of  each  reagent  used  affects  the  depth  of 
color  obtained  in  the  iron  determination,  it  is  necessary  to  follow  very 
carefully  the  directions  given  below. 

A  known  quantity  of  the  water  to  be  tested  should  be  evaporated 
to  dryness,  and  the  organic  matter  destroyed  by  ignition.  The  resi- 
due is  then  treated  with  5  c.c.  of  hydrochloric  acid  (1:1)  and  heated 
carefully  over  a  free  flame,  so  that  boiling  takes  place  for  an  instant. 
The  liquid  is  then  washed  into  a  100  c.c.  tube  and  made  up  to  the 
100  c.c.  mark  with  distilled  water.  Two  or  three  small  drops  of  potas- 
sium permanganate  solution  (5  grams  per  liter)  are  added,  and  the  tube 
is  allowed  to  stand  a  few  minutes.  If  the  red  color  disappears,  add 
two  or  three  more  drops  of  permanganate  solution,  and  repeat  this 
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Fig.  4-  —  Permanent  Iron  Standards. 
A,  Cobalt  Solution.      B,  Plalinum  Solution. 


until  the  color  becomes  permanent  and  all  ferrous  iron  has  been 
oxidized;  lO  c.c.  of  potassium  sulphocyanide  (20  grams  per  liter)  are 
then  added,  and  the  liquid  thoroughly  mixed  by  pouring  from  one 
tube  into  another.  If,  for  example,  100  c.c.  of  water  is  taken  for 
evaporation,  the  figure  found  by  comparison  with  the  standards  equals 
directly  parts  per  million  of  iron. 

Mt.  Pbospkct  Laboratory, 
BreoUyM,  N.   Y. 
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THE  EFFECT  OF  TEMPERATURE,  OF  COLLOIDAL  FER^ 
RIC  HYDRATE,  AND  OF  A  MAGNETIC  FIELD  ON  THE 
HYDROLYSIS  OF  FERRIC  CHLORIDE} 

By  H.  M.  GOODWIN  and  FREDERICK  W.  GROVER. 

The  present  investigation  is  a  continuation  of  one  published  by 
one  of  us^  in  1896,  on  the  changes  which  take  place  in  a  neutral  ferric 
chloride  solution  when  greatly  diluted.  Such  solutions  when  first 
prepared  of  a  concentration  of  about  o.ooi  normal  are  nearly  color- 
less but  rapidly  change  to  a  deep  reddish  brown,  and  this  gradual  color 
reaction  is  accompanied  by  a  corresponding  increase  in  the  electrical 
conductivity  of  the  solution.  In  the  paper  cited,  the  hydrolytic  reac- 
tion giving  rise  to  this  phenomena  was  studied  by  following  the 
changes  in  the  conductivity  of  the  solution,  and  the  main  results  of 
the  investigation  may  be  summarized  as  follows : 

1.  The  electrical  conductivity  of  dilute  ferric  chloride  solutions 
increases  with  the  time. 

2.  The  rate  of  increase  increases  very  rapidly  with  the  dilution. 

3.  The  increase  in  conductivity  does  not  begin  at  once  on  dilution, 
but  only  after  the  lapse  of  a  certain  time. 

4.  This  initial  lag  or  time  required  to  start  the  reaction  increases 
rapidly  with  the  concentration,  being  for  example,  i  minute  for  a 
0.0006  normal  solution,  15  minutes  for  a  0.0012  normal  solution,  and 
45  minutes  for  a  0.0024  normal  solution. 

5.  The  time  required  for  a  solution  to  reach  a  state  of  equilibrium 
increases  enormously  with  the  dilution,  a  o.oooi  normal  solution  re- 
quiring, for  example,  only  3  hours,  while  a  solution  six  times  as  strong 
requires  over  a  week. 

6.  The  hydrolytic  dissociation  was  computed  and  found  to  be  very 
large  in  dilute  solutions. 

The  explanation  offered  for  this  peculiar  behavior  was  the  gradual 


*  Reprinted  from  the  Physical  Review,  Vol.  9,  No.  4,  October,  1900. 
'Goodwin,  Phys.  Rev.,  9,  251,  1896.     Technology  Quarterly ^  9,  254,  1896. 
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formation  of  Graham's  colloidal  ferric  hydrate  from  the  electrolytically 
hydrolized  ferric  chloride,  according  to  the  reaction 

X  FeOH  +  X  26H  =  (FeOgHj);!:. 

The  formation  of  colloidal   hydrate  accounted    for  the  color  changes 

+  + 
observed,  while  the  removal  of  the  FeOH  ions  from  the  solution  dis- 
placed the  hydrolytic  equilibrium,  thus  causing  more  chloride  to  be 
hydrolyzed  with  accompanying  increase  of  conductivity.  The  initial 
lag  observed  in  the  reaction,  and  the  remarkable  acceleration  of  its 
rate  when  once  started  was  explained  on  the  hypothesis  that  the  rate 
of  formation  of  the  colloidal  hydrate  was  dependent  on  the  presence  of 
a  certain  amount  of  the  colloid  itself,  analogous  to  the  rate  of  crystal- 
lization being  a  function  of  the  number  of  crystallizing  nuclei,  around 
which  the  crystals  can  form. 

The  present  investigation  was  undertaken  first  to  study  the  effect 
of  temperature  on  the  rate  of  the  reaction,  the  former  measurements 
all  having  been  made  at  25°  ;  second,  to  test  the  above  hypothesis 
regarding  the  cause  of  the  accelerated  rate  of  the  reaction  after  the 
lapse  of  a  certain  time ;  and  third,  to  see  if  any  effect  could  be 
observed  on  the  rate  of  the  reaction  of  a  strong  magnetic  field. 

Apparatus  and  Method. 

The  conductivity  measurements  were  made  by  the  familiar  Kohl- 
rausch  method.  The  solutions  were  diluted  as  in  the  previous  inves- 
tigation by  adding  with  a  pipette  a  few  cubic  centimeters  of  a  strong 
solution  of  neutral  ferric  chloride  to  a  previously  weighed  amount  of 
distilled  water  brought  to  the  proper  temperature  of  the  experiment. 
This  water  was  contained  in  250  c.c  or  500  c.c.  thoroughly  steamed 
wide-necked  glass  bottles  which  served  also  as  measuring  cells.  It  was 
found  very  advantageous  to  use  "plunge  electrodes"  in  cells  of  this 
kind  (Kohlrausch  &  Holborn's  Leitvermogen  der  Electrolyte,  p.  19) 
instead  of  the  usual  Arrhenius  type  previously  employed.  The  con- 
siderable care  and  patience  required  in  the  preparation  of  these  elec- 
trodes was  more  than  compensated  for  by  their  absolute  constancy, 
and  particularly  the  independence  of  their  "  constant  '*  from  the  posi- 
tion of  the  electrodes  in  the  bottle.  Electrodes  about  one  square 
centimeter  in  area  platinized  with  a  Lummer-Kurlbaum  solution  gave 
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an  excellent  minimum  for  most  dilutions  investigated.  The  solutions 
were  investigated  at  0°,  15°,  and  25°  C.  The  first  temperature  could 
of  course  be  maintained  indefinitely  constant  by  a  large  ice  bath  packed 
in  hair  felt  in  which  the  bottles  were  completely  immersed.  A  tem- 
perature of  15°  C.  was  maintained  constant  to  within  0.1°  during  the 
day,  and  o.2°-o.3°  during  the  night  by  means  of  a  large  tank  of  water, 
insulated  from  outside  temperature  changes  by  being  packed  in  a  box 
with  6  inches  of  finely  divided  cork,  and  covered  with  4  inches  of  hair 
felt.  A  temperature  of  25"^  was  maintained  indefinitely  constant  ^to 
a  few  hundredths  of  a  degree  in  the  large  5x3x3  foot  automatically 
regulated  and  electrically  heated  thermostat  of  the  laboratory. 

Solutions. 

Ferric  Chloride.  —  The  stock  ferric  chloride  solution  used  in  the 
following  experiments  was  made  from  a  preparation  of  sublimed  ferric 
chloride  from  Eimer  and  Amend.  A- quantity  weighed  from  a  weigh- 
ing tube  was  made  up  to  r  gram-equivalent  in  a  liter  and  then  ana- 
lyzed for  chlorine.  Three  analyses  gave  an  equivalent  normality  of 
0.996,  1. 00 1,  and  0.999,  ^^  mean  being  0.9987.  This  solution  had 
an  equivalent  conductivity  of  43.6  at  24.96°  C.  after  standing  about 
a  week.  This  stock  solution  was  then  diluted  ten  or  a  hundred 
times  for  the  secondary  stock  solutions  used  in  the  subsequent  great 
solutions. 

Graham  s  Colloidal  Ferric  Hydrate.  —  A  solution  of  Graham's  sol- 
uble colloidal  hydrate  was  prepared  by  treating  a  saturated  solution  of 
pure  (unsublimed)  ferric  chloride  with  ammonium  carbonate  with  con- 
stant stirring,  until  the  light  colored  precipitate  which  formed  just 
refused  to  dissolve  on  further  stirring.  The  color  of  the  solution 
rapidly  turned  to  an  intense  garnet  color.  It  was  then  subjected  to 
dialysis  for  32  days.  The  concentration  of  the  resulting  solution  was 
determined  by  evaporating  to  dryness  and  igniting  portions  of  10  c.c. 
each,  and  weighing  the  ferric  oxide.  The  mean  of  two  determinations 
showed  it  to  be  0.3085-equivalent  normal  with  respect  to  Fe(OH)8. 
It  still  contained  some  ammonium  salts  as  shown  by  a  slight  visible 
volatilization  onv first  heating,  and  from  the  fact  that  the  solution  had  a 
considerable  conductivity  which,  had  it  contained  only  colloidal  hydrate, 
should  not  be  the  case.  At  18.1°  its  specific  conductivity  was  0.00304, 
which  corresponds  to  that  of  an  ammonium  chloride  solution  about 
0.02  normal. 


330 


H,  M,  Goodwin  and  Frederick  W.  Grover, 


Experimental  Results. 

In  the  following  tables  are  tabulated  the  results  obtained  at  25°, 
15.5**,  and  0°,  with  solutions  of  the  indicated  concentrations,  C  always 
being  expressed  in  gram  equivalents  in  a  liter.  The  conductivities  are 
those  observed  at  the  indicated  time  intervals  elapsing  from  the  time 
of  dilution.  The  values  are  expressed  as  equivalent  conductivities  in 
reciprocal  Siemen's  units  for  convenience  of  comparison  with  former 
measurements. 


TABLE  I. 
C  =  0.000150.      /  ss  24.92^.      DUuted  from  C  =  0.0909. 


Time  eUp«ed. 

h. 

m. 

B. 

1 

40 

2 

35 

4 

25 

6 

15 

7 

30 

14 

35 

18 

35 

27 

35 

Equivalent  conductavitj. 


295.3 
310.2 
323.1 
326.8 
328.3 
3509 
353  0 
358.7 


Time  elapsed, 
h.      m.      ft. 


37  25 

58  50 

1  28  45 

2  1  15 

26**19"" 
21    21 


Equivalent  conductivity. 


3636 
364.8 
366.9 
366.9 

364  8 
364.8 


C  = 


TABLE  IL 
0.0004545.      /  =  25.12^.      Diluted  from  C  =  0.0909. 


Time  elapsed, 
h.      m.      B. 

Equivalent  conductivity. 

Time  elapsed, 
h.      m.      8. 

Equivalent  conductivity. 

2       0 

2602 

13     10 

319.8 

2     30 

267.8 

14     45 

322.1 

3      0 

272.5 

18    10 

326.8 

3    45 

280.3 

21    45 

330.2 

4    20 

284.9 

27    40 

3338 

4    50 

287.8 

33    40 

335.6 

5    30 

295.7 

37    35 

3386 

6      0 

297  9 

1    42      0 

351.1 

6    35 

3006 

2    10      0 

352.4 

7      5 

302.2 

4    50      0 

352.4 

8    30 

3066 

10    40 

315.5 

27 

351. 

12    15 

318.7 
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TABLE  III. 
C  3s  0.000906.      /  ^  25>09°.      Diluted  from  C  =  o  0909. 


Tim*  dapMd. 
h.      m.      s. 

Equivalent  oonductiTity. 

• 

• 

Time  elapaed. 
h.      m.      •. 

Equivalent  condacdvitj. 

2    40 

214.6 

12     30 

277.0 

3    20 

223.5 

15       0 

283.3 

3    55 

2291 

21      0 

294.8 

4    40 

236.8 

24    30 

300.1 

5    30 

242.5 

32    15 

3093 

1    20 

252.2 

45    30 

318.7 

•■ 

6    50 

255.6 

59    30 

326.4 

7    40 

259.4 

1    15    30 

331.7 

8    20 

263.0 

1    39    30 

337.7 

9    40 

266.8 

2    51      0 

344.6 

10    30 

270.7 

11      0 

272.4 

12      0 

275.4 

C  ass  aooi335.      /  =  25.04' 


TABLE  IV. 

*»       Diluted  from  C 


=  0.0909. 


Time  elapsed, 
h.      m.      8. 

Equivalent  conductivity. 

Time  elapsed. 
h.      m.      8. 

Equivalent  conductivity. 

2      0 

200.6 

23    45 

274.2 

2    55 

209.1 

27    45 

279.9 

3    25 

212.6 

44      0 

2940 

4    25 

222.9 

50      0 

297.7 

5    15 

228.7 

1    30      0 

316.6 

6    45 

234.5 

2      6      0 

325.1 

9    45 

246.3 

2    24      0 

3281 

14    30 

259.2 

2    35      0 

329.6 

17      5 

2663 

c= 


TABLE  V. 
0.00360.      /  =  24.96°.      Diluted  from  C  =  0.999. 


Time  elapsed, 
h.      m.      8. 

Equivalent  conductivity. 

Time  elapsed, 
h.      m.      8. 

Equivalent  conductivity. 

]     45 

183.5 

41     20 

212.3 

4    20 

185.3 

56      0 

222.2 

5      0 

185.3 

19      0' 

229.7 

7    55 

186.9 

1    26    20 

239.3 

8    45 

1876 

1    38      0 

243.0 

10    10 

188  2 

1    51      0 

248.0 

13      0 

1903 

2    11      0 

254.5 

16      0 

193  2 

2    36      0 

261.6 

23    15 

198.7 

2    49      0 

264.5 

26    25 

201.1 

2    58      0 

266.4 

34    45 

,             207.4 

3      3 

268.1 
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TABLE  VI. 
C  =s  0.00750.      /  =  24.87®.      Diluted  from  C  «=  0.999. 


Time  eUpaed. 

h. 

m. 

s. 

4 

0 

8 

0 

11 

30 

15 

0 

17 

0 

20 

0 

23 

0 

27 

0 

30 

0 

35 

0 

EquiTslent  oondocdTity. 


171.9 
172.8 
1728 
173.4 
173.2 
173.7 
174.6 
174.3 
175.6 
175  3 


Time  eUpeed. 

h. 

m. 

». 

42 

56 

1 

2 

3 

7 

3 

9 

3 

14 

3 

20 

21 

•  •  • 

•  •  •  • 

Equivalent  condacdTity. 


176.0 

178.0 

180.2 

206.7 

2075 

208.9 

210.0 

.  •  •  •  • 

260. 


C^ 


TABLE  VII. 
0.000150.      /=i5.5^.      Diluted  from  C  =  0.0 loa 


Time  elapMd. 
h.      m.      s. 

Equivalent  condactiTity. 

Time  elapaed. 
h.      m.      s. 

3    15 

249.3 

18     20 

281.7 

4    15 

2553 

19    45 

283.6 

5      0 

259.0 

26    10 

287.1 

6    45 

264.1 

51      0 

292.8 

8    50 

269.6 

1      1      0 

294.7 

10    10 

273.7 

1    31      0 

296.5 

11    40 

274.8 

2      6      0 

297.7 

12    10 

276.0 

.  •  •  •  • 

14    10 

279.3 

18    23 

301.6 

c= 


TABLE  VIIL 
0.00033.      ^  =  '  5*4°*      Diluted  from  C  ss  0.100. 


Time  elapsed, 
n.      m.      a. 

Equiralent  conductlTity. 

Time  elapaed. 
h.      m.      a. 

E9uivalent  conductlTity. 

2    35 

207.4 

22       0 

2562 

3    30 

210.2 

31     30 

260.3 

5      5 

2208 

38     10 

263.2 

6    50 

2318 

49    50 

2676 

7    30 

2338 

1      0    35 

269.4 

9    20 

238.6 

1    27    50 

274.7 

12    35 

245.0 

2      9    10 

279.1 

14    10 

246.8 

17    50 

251.4 

25    54 

286.6 
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TABLE  IX. 
C  ■■  0.0004545.      /  =3  1 5.9^.      Diluted  from  C  =  o.  100. 


Time  eUpMd. 

h.      m. 

•. 

3 

40 

4 

25 

5 

20 

6 

40 

7 

55 

10 

25 

13 

55 

16 

40 

21 

35 

Eqnhralent  oonducdTity. 


182.2 
186.6 
191.1 
197.2 
201.5 
2094 
2174 
221.9 
228.7 


Time  elapeed. 

h. 

m. 

8. 

25 

40 

31 

0 

0 

35 

19 

20 

38 

0 

49 

0 

•  • 

55 
•  •  •  • 

0 
>  •  • 

19    28 


EquiTalent  conducdTitjr. 


2333 
238.7 
256.1 
262.0 
268.3 
270.9 
272.2 

36i.9 


C  = 


TABLE  X. 
0.000909.       ^=  15.7®.       DUutcd  from  C 


=sO.IOO. 


Time  eUpeed. 
h.      m.      1. 

Equivalent  ccmductivity. 

Time  elapeed. 
h.      m.      s. 

Equivaleot  conductiyity. 

2     15 

167.0 

54     0 

206.2 

2    50 

1675 

1       9     0 

2141 

3     15 

168  2 

1    29    0 

222.1 

3    45 

1683 

1    39    0 

225.6 

4    15 

168.7 

1    57    0 

231.5 

5    30 

169.6 

2    28    0 

238  9 

6      0 

170.0 

2    47    0 

243.0 

7    45 

170.9 

3    24    0 

249.9 

14    30 

177.1 

23 

298.3 

25    45 

187.1 

•  •  •  •  e 

38    15 

1%5 

5d.     23h. 

299.5 

TABLE  XI. 
0-001335.      /E315.5O.      Diluted  from  C 


o.ioa 


Time  elapeed. 
h.      m.      e. 

Eqaivalent  cooducdTity. 

Time  elapeed. 
h.      m.      e. 

Eqairalent  oondoetMtjr. 

2      0 

167.8 

1    13 

188.6 

2    50 

1680 

1    43 

2033 

5    35 

168.9 

2    13 

212.4 

10    10 

170.0 

2    52 

222.4 

14    20 

1708 

22    49 

285.9 

27    50 

175.8 

.  ■  •  •  • 

38    30 

179.7 

7d.    20  h. 

300.7 
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TABLE  XII. 
0.0050a      /  S3  1 5.6°.       Diluted  from  C 


0.999. 


Time  elapsed, 
d.      h.      m. 

Equivalent  conducdTity. 

Time  elapsed, 
d.     h.      m. 

Equivalent  oonductiTity. 

7 

146.4 

2     38 

149.0 

10 

146  5 

2    53 

149.3 

18 

146.6 

3      6 

149.1 

28 

147.0 

8    10 

153.1 

32 

147.1 

1    2    22 

198.0 

41 

147.2 

3    5    48 

219.3 

57 

1473 

4    5    32 

223.1 

1    28 

1478 

6    4 

223.4 

Solution  colorless  during  first  8  hours. 
Solution  deep  yellow  after  i  day. 


TABLE  XIII. 
C  =  0.00750.      /  =s  1 5.5®.      Diluted  from  C  =  0.999. 


Time  elapied. 
d.      u.      m. 

Equivalent  conductivity. 

Time  elapsed, 
d.      h.      m. 

Equivalent  conductivity. 

4 
1    41 

1  52 

2  3 
4      2 

139.5 
140.8 
140.8 
141.0 
140.4 

21    58 

3  1    51 

4  0    59 
6      0    31 

1400 

178.1 
188.9 
199.1 

•  •  •  •  • 

Solution  colorless  during  first  21  hours. 
Solution  deep  yellow  after  3  days. 
Solution  slightly  turbid  after  4  days. 
Solution  very  turbid  after  6  days. 


C  = 


TABLE  XIV. 
aoooi  50.      /  =  o^.       Diluted  from  C  ss  0.00999. 


Time  elapsed, 
h.      m.      s. 

Equivalent  conductivity. 

Time  elapsed, 
h.      m.      s. 

Equivalent  conductivity. 

4      0 

1226 

3     11 

171.7 

6    30 

129.1 

4     14 

174.6 

8      0 

1311 

6      4 

178.4 

10      0 

135.0 

6    54 

178.9 

14    40 

140.5 

7    28 

179.8 

26      0 

145.4 

24    44 

183.0 

1    24      0 

1628 

3d.    2h. 

183.0 

2    37      0 

1706 
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TABLE  XV. 
C  Bs  0.00033.      /  ss  6°.      Dilated  from  C  ss  0.00999. 


Tiaieekpaed. 
h.      m.      s. 

Eqnivmlent  condnctiTity. 

Time  elapsed, 
h.      m.      s. 

EqoiTalent  condocdTlty. 

2    30 

121.1 

34    30 

124.6 

3    15 

1216 

56      0 

127.6 

5    20 

121.7 

1    16      0 

131.1 

6    30 

122.1 

1    50      0 

136.6 

9      0 

122.1 

2    34      0 

142.5 

11    10 

122.6 

3      1      0 

145.4 

17      0 

123.2 

Id.    20  h. 

194.1 

25    15 

124.6 

3d.    40in. 

200.1 

TABLE  XVI. 
0.0004545.      /  =  0°.      Diluted  from  C 


OJ0iff>, 


Time  aUpMd. 
h.      m.      t. 

• 

Equiralent  ooDductivity. 

Time  elapsed, 
h.      m.      s. 

Equivalent  conductivity. 

6      0 

1139 

6      8 

130.8 

7      0 

114.3 

6    53 

135.5 

7    30 

.      114.7 

7    10 

137.0 

9     0 

115.3 

7    36 

138.4 

12     0 

116.1 

d.      h.     m. 

•  s  •   •  • 

23      0 

1173 

1      3    30 

167.6 

1    26     0 

123.2 

1      4    14 

168.6 

3    11 

121.1    . 

1      6    13 

169.5 

4     4 

125.9 

TABLE  XVII. 
C  3=  0.000909.      /  =!  o^.      Diluted  from  C  =  0.0999. 


Time  elapsed. 

d. 

h. 

m. 

6 

25 

31 

51 

Elquivalent  conductivity. 


113.1 
112.0 
112.1 
112.6 


Time 

elapsed. 

d. 

h. 

m. 

1 

40 

2 

20 

3 

16 

1 

5 

20 

Equivalent  conductivity. 


113.9 
115.0 
116.1 
143.3 


C  "■  0.000909.       Diluted  from  C  =  0.0909^ 


37 

1100 

2    54 

113.0 

6    19 

113  3 

22    23 

114.2 

144.5 
160.0 
159.9 
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TABLE  XVIII. 
C  =  0.001335.      /  =  0°.       Diluted  from  C  =  0.0999. 


Time  elapMd. 
d.      h.      n. 

Equivalent  conductivity. 

Time  elapsed, 
d.      h.      n. 

Equivalent  coadoctivitjr. 

27 

1    24 

1    54 

1      1    15 

1    17    32 

107.9 
107.9 
107.9 
107.8 
1213 

1  19    11 

2  2      7 
2    19    13 
4    19      6 

8      2    32 

123.4 
1300 
136.0 
145.1 
147.6 

Solution  deep  yellow. 


V 


TABLE  XIX. 
C  =  0.00250.      /  =  0®.       Diluted  from  C  ^  0.0999. 


Time  elapsed, 
d.      h.      m. 

Equivalent  conductivity. 

Time  elapsed, 
d.      h.      m. 

Equivalent  conductivity. 

32 

2  0 

3  1    19 

3  22    20 

4  20    27 

101.4 

99.9 

99.7 

1012 

105.6 

5  1     23 

6  1    53 
6    21     18 

10    — 
12    — 

106.7 
112.6 
117.8 
125.1 
128.5 

Discussion  of  Results. 

The  data  in  the  preceding  tables  is  represented  graphically  in  the 
following  plots  (I,  2,  3,  and  4).  Considering  first  plot  i,  containing 
the  results  at  25*^,  we  find  that  the  earlier  results  at  this  temperature 
are  in  general  well  confirmed.  The  initial  values  for  /  =  o,  and  the 
form  of  the  curves  agree  well  with  those  previously  obtained,  but  the ' 
initial  lag  in  the  present  series  is  less  than  in  the  former.  This  may 
be  due  to  the  fact  that  in  the  former  experiments,  the  **  stock  "  solu- 
tion from  which  the  dilutions  were  made,  was  three  times  as  strong  as 
the  present  "stock"  solution.  The  "lag"  is,  however,  unmistakable 
in  the  solution  C=  0.0075. 

On  comparing  plot  i  with  plots  2,  3,  and  4,  the  enormous  effect  of 
temperature  on  the  reaction  is  at  once  evident.  Whereas,  the  hour 
was  a  convenient  unit  for  representing  the  data  at  25®,  the  day  must 
be  used  to  represent  the  data  at  0°,  and  the  more  concentrated  solu- 
tions at  15®.     It  is  seen,  as  was  expected,  that  lowering  the  tempera- 
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ture  diminishes  the  rate  of  the  reaction,  increases  its  initial  lag,  and 
the  time  required  to  reach  equilibrium.  The  form  of  the  curves  for 
equal  concentration  thus  flattens  out  with  decreasing  temperature; 
the  curves  for  the  solutions  at  25°  approach  in  form,  in  fact  almost 


coincide  with,  the  curves  for  greater  dilutions  at  low 

-er  temperatures. 

Thus  compare : 

ai  v.".                                  It  IS'. 

C  =  0.000454S.                    C-=0.0001S. 

C=aX133S.                     C=  0.0004545. 

C  =  0.0036a                       C  =  0.000909. 

A  decrease  of  temperature  of   10"  from  25'  has  nearly  the  same 
effect  on  retarding  the  reaction  as  increasing  its  concentration  about 
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three  times ;  lowering  the  temperature  to  o"  retards  the  reaction  as 
much  as  increasing  the  concentration  fifteen  to  twenty  times. 

It  is  interesting  to  note  how  the  solution  C^  0.001335,  which 
exhibits  no  lag  at  25°,  does  not  change  appreciably  until  after  about 
5  minutes  at  15.5°,  and  does  not  change  until  after  a  day  at  0°.  The 
solution  Cr=  0.0025  remains  unchanged  at  0°  until  after  4  days,  and 
it  is  probable  that  a  solution  of  ^  :=  0.005  which  has  a  lag  of  a  few 
hours  at  1 5°  would  remain  practically  unchanged  at  0°.  The  general 
expression  for  the  rate  of  change  as  function  of  the  temperature  can- 
not, however,  be  determined  from  the  data  yet  at  hand. 


In  the  course  of  the  experiments  a  few  observations  were  also 
made  on  the  effect  of  temperature  on  the  turbidity  of  ferric  chloride 
solutions  of  certain  concentrations  when  allowed  to  stand.  This  tur- 
bidity, which  is  probably  due  to  the  formation  of  oxychloride  was 
found  by  Goodwin  to  be  accompanied  by  a  corresponding  change  in 
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conductivity  of  the  solutions  and  to  have  a  "  lag "  dependent  on  the 
concentration  of  the  solution. 

Thus  a  0.09  normal  solution  became  turbid  only  after  the  lapse  of 
2  weeks,  while  a  solution  ten  times  as  dilute  became  turbid  in  about 
a  day.  On  the  other  hand,  a  solution  0.0057  normal  remained  per- 
fectly clear  even  after  2  weeks,  thus  showing  that  the  precipitate  was 
formed  at  25°  only  within  narrow  limits  of  concentration. 

In  the  present  investigation,  solutions  of  strengths  0.02,  0.0 1, 
0.004,  and  0.002  normal  were  found  to  remain  perfectly  clear  for  at 
least  2  weeks  when  kept  in  ice.  A  0.0075  normal  solution  on  the 
other  hand,  became  very  turbid  at  25°  in  less  than  4  days,  slightly 
turbid  in  the  same  time  at  15°  (very  turbid  after  6  days),  while  it 
remained  clear  at  o*'. 

Lowering  the  temperature  thus  greatly  tends  to  diminish  the  sep- 
aration of  oxychloride  from  the  solution  as  well  as  to  prevent  the 
formation  of  colloidal  hydrate. 

Effect  of  Colloidal  Ferric  Hydrate  on  the  Reaction. 

To  test  whether  the  hypothesis,  previously  advanced  to  account 
for  the  accelerated  rate  of  the  reaction  when  once  started,  was  verified 
by  experiment,  various  amounts  of  previously  prepared  Graham's  col- 
loidal ferric  hydrate  were  added  to  dilute  solutions  of  ferric  chloride, 
and  the  change  in  conductivity  then  followed  as  in  the  previous  exper- 
iments. A  solution  0.007 5-equivalent  normal,  and  a  temperature  of 
25°  were  chosen,  as  the  preceding  experiments  showed  that  at  this 
temperature  a  solution  of  this  strength  had  a  marked  initial  lag  of 
about  20  minutes.  A  known  amount  of  best  distilled  water  was 
weighed  out  in  a  250  c.c.  bottle,  brought  to  a  temperature  of  25°,  and 
a  known  small  amount  of  the  colloidal  ferric  hydrate  added  with  a 
pipette.  The  specific  conductivity  of  this  solution  was  then  deter- 
mined. At  a  noted  time  a  measured  amount  of  ferric  chloride  solu- 
tion was  added,  the  whole  vigorously  shaken,  the  "plunge"  electrodes 
replaced,  and  the  change  in  conductivity  then  followed  at  known  inter- 
vals of  time. 

In  the  following  Tables,  XX,  XXI,  XXII  and  XXIII,  are  given 
the  results  obtained.  Under  "equivalent  conductivity"  is  given  the 
conductivity  of  the  ferric  chloride  in  the  mixed  solution  after  correct- 
ing for  the  conductivity  of  the  added  colloidal  ferric  hydrate  in  the 
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solution.  This  had  an  appreciable  conductivity,  as  already  stated,  due 
to  the  presence  of  some  crystalloids  still  remaining  in  it.  In  Table 
XXIII,  however,  the  values  given  are  the  uncorrected  conductivity 
values  for  the  mixture  —  the  specific  conductivity  of  the  colloidal  solu- 
tion not  having  been  in  this  case  accurately  determined.  A  compar- 
ison of  the  initial  corrected  values  in  Tables  XX,  XXI,  and  XXII, 
namely,  172.6,  17 1.2,  and  172.6,  with  the  initial  value  found  for  the 
pure  ferric  chloride  solution  172.8  (Table  VI),  shows  that  they  agree 
almost  exactly,  whence  it  is  safe  to  conclude  that  the  conductivity  of 
the  mixture  may  be  assumed  additive.  We  have,  therefore,  for  con- 
venience of  comparison  in  plotting,  corrected  all  the  values  given  in 
Table  XXIII  by  —  8,  thus  reducing  the  initial  values  of  the  conduc- 
tivity of  the  ferric  chloride  to  that  found  in  the  other  solutions. 


TABLE  XX. 
FeCh  C  =  0.007 sa      Fe{pH)%    C  =  0.0001x6. 


/  ss  25.0" 


Time  elapsed. 
h.      m.      s. 

Equivadent  conductivity. 

Time  elapsed, 
h.      m.      ■- 

Equiyalent  conducdTity. 

1  20 

2  20 

3  50 

5  15 

6  45 

8  20 

9  30 

1726 
172.8 
173  3 
173.6 
173.9 
174.1 
174.2 

13     40 
34    20 
36      0 
46    10 
54      0 
1      5      0 

174.9 

177.8 
178  1 
179.5 
180.8 
181.7 

TABLE  XXI. 
FeCl%  C=  0.007 50.      Fe{OH)t    C  =  0.000232. 


/=  24.96**. 


Time  elapsed. 
h.      m.      s. 

Equivalent  conductivity. 

1    35 

1712 

3      5 

1724 

4    30 

172  7 

6    35 

173  2 

7    40 

173.6 

10    50 

174.3 

25    20 

177.8 

Time  elapeed. 

h. 

m. 

•. 

54 

50 

1 

15 

0 

1 

36 

0 

1 

40 

0 

3 

31 

0 

3- 

36 

23 

51 

Equivalent  conductivity. 


186.1 
192.6 
199.0 
200.0 
222.2 
223.2 
262.6 
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TABLE  XXII. 


FeClz 

C  ==  aoo75o.      Fe  (Off) 

,  Cnaooii6.       ti 

=-24.96**. 

Tlmt  dapMd. 
h.      m.      t. 

Equiviltnt  conductiTfey. 

Time  elapaed, 
h.      m.      t. 

2    30 

4  45 

5  30 
13      0 
20    30 

1726 
176.0 
176.9 
184.8 
192.5 

29    50 
40    30 
46    30 

19'"5"" 

200.7 
207.3 
211.9 

277.  i 

TABLE  XXIH. 
FeClt  C^o.oorjso.      Ft{Off)t  C  =  0.00580.      / -125.0®. 


h.      m.      t. 

Equivalent  cooductlvity. 

Time  elapsed, 
h.      m.      t. 

EqiiiTalent  oondacdvhjr. 

50 

180.4 

11     15 

222.0 

1    15 

187.0 

13     45 

225.8 

2    15 

197.0 

16    40 

229.7 

2    35 

1986 

19     20 

232.5 

3      5 

200.7 

22    10 

235.8 

3    35 

2030 

31      0 

244.0 

4      5 

2048 

1      2    20 

257.5 

4    30 

206.3 

1    41      0 

267.4 

5    15 

208.3 

4    15      0 

284.6 

6    15 

211.2 

'  •  •  •  • 

7    35 

214.7 

21    32 

312.1 

The  effect  of  the  presence  of  increasing  amounts  of  colloidal 
hydrate  on  the  course  of  the  reaction  is  most  readily  seen  from 
plot  5,  made  from  the  data  in  the  preceding  tables. 

It  is  seen  at  once  from  this  plot  that,  as  anticipated,  the  presence 
of  colloidal  hydrate  accelerates  the  reaction  to  a  very  marked  extent. 
In  all  cases  the  reaction  starts  immediately  upon  diluting  the  chloride, 
the  initial  lag  of  20  minutes  observed  in  the  neutral  solution  being 
thus  completely  absent.  Moreover,  the  increase  in  the  initial  rate  of 
the  reaction  is  approximately  proportional  to  the  concentration  of  the 
added  colloidal  hydrate.  This  in  the  four  solutions  investigated  is 
present  in  the  ratio,  i  :  2  :  10  :  50,  while  the  increase  of  conductiv- 
ity per  minute  is  approximately  in  the  ratio  of  0.2  :  0.4  :  1.4  :  16,  or 
I  :  2  :  7  :  50.  The  first  three  values  are  the  rates  during  the  first  5 
or  6  minutes  of  the  reaction ;  the  last,  during  a  still  shorter  interval 
of  2j  minutes,  as  this  last  reaction  slows  up  very  quickly  after  the 
first  few  minutes.      It  seems  probable,  therefore,  that  other  things 
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Tim*  in  hour*. ) 


being  equal,  the  presence  of  colloidal  hydrate  exerts  a  catalytic  action 
nearly  proportional  to  its  concentration. 


III. 

Effect  of  a  Magnetic   Field  on  the  Rate  of  the  Reaction. 

It  has  now  been  pretty  well  established  ^  that  chemical  reactions 
may  in  certain  cases  be  modified  when  they  are  caused  to  take  place 
in  a  powerful  magnetic  field.  Wiedemann^  has  further  shown  that 
the  magnetic  moment  of  a  ferric  chloride  solution  is  much  diminished 
by  the  formation  of  colloidal  ferric  hydrate.  It  was  therefore  thought 
to  be  not  without  interest  to  investigate  whether  or  not  the  velocity 
of  the  colloidal  formation  studied  above  was  in  any  way  affected  by 
a  magnetic  field.     As  our  experiments  gave  only  negative  results,  the 


'  Wiedemann's  Lehre  von  der  Electricitat  for  the  early  literature,  vol.  3,  p.  1129;  Liese- 
sang,  Heibl.  15.  123;  Hraham,  Beibl.  x6,  304;  Andrews,  Proc  Roy.  Soc.  5a,  114,  1892;  Nich- 
ols, Am.  J.  of  Sc,  31,  372. 

'  Lehre  von  der  Elect,  vol.  3,  p.  964. 


344 


H.  M.  Goodwin  and  Frederick  W.  Grover, 


numerous  preliminary  experiments  and  arrangements  of  apparatus  will 
be  passed  over,  and  only  the  final  arrangement  briefly  described. 

It  was  desired  to  compare  the  rate  of  the  colloidal  formation  in 
two  exactly  similar  solutions  at  exactly  the  same  temperature,  the  one 
placed  in  a  strong  magnetic  field,  the  other  removed  from  it.  Any 
ordinary  form  of  thermostat  was  of  course  out  of  the  question,  on 
account  of  the  small  distance  between  the  poles  of  the  electro-magnet 
between  which  it  was  desired  to  place  the  cell.  We  arranged,  there- 
fore, as  thermostats,  two  duplicate  Beckmann  boiling-point  tubes,  pro- 
vided with  condensers  and  containing  pure  ether,  boiling  at  33°  C,  and 
used  test  tubes  fitted  into  these  ether  jackets  and  provided  with  plunge 
electrodes  as  conductivity  cells. 

One  of  these  was  set  up  between  the  poles  of  a  powerful  electro- 
magnet, and  the  other  at  some  distance  away.  Direct  experiment 
then  showed  that  the  temperatures  of  aqueous  solutions  placed  in  the 
cells  could  be  kept  the  same  to  0.01°  for  several  hours.  The  pro- 
cedure was  to  allow  the  ether  to  boil  for  some  minutes  in  both  ther- 
mostats in  order  to  bring  the  dry  cell  and  electrodes  placed  therein 
to  the  proper  temperature  ;  to  then  dilute  the  ferric  chloride  to  the 
desired  strength  in  a  separate  flask  containing  water  previously 
weighed  and  heated  to  the  boiling  point  of  ether ;  and  then  to  quickly 
transfer  the  solution  thus  prepared  to  the  two  measuring  cells. 


TABLE  XXIV. 

Css  0.0040  approximately. 

u.      in. 

s. 

*  X  10-4 
I. 

*  X  10-4 
11. 

h.      m.      s. 

*  X  10-4 
I. 

*  X  w-* 
11. 

3    59 

30 

Diluted. 

4    20    30 

8.01 

4      4 

45 

6.95 

21     10 

8.04 

5 

30 

7.12 

23    30 

8.10 

6 

50 

7.22 

24      0 

8.12 

7 

15 

7.29 

26    35 

8.16 

7 

50 

7.30 

29      0 

8.26 

8 

50 

738 

32      5 

8.29 

9 

25 

7.50 

32    50 

8.33 

10 

5 

7.53 

39    20 

8.43 

10 

50 

7.60 

40    15 

8.44 

12 

0 

7.66 

47    50 

8.53 

13 

0 

7.69 

48    30 

8.54 

14 

20 

7.78 

5      6      5 

8.70 

14 

50 

7.79 

8      0 

a7i 

16 

15 

7.87 

11    20 

8.72 

17 

0 

7.88 

13    20 

8.75 

17 

35 

7.93 

14    30 

8.75 

18 

55 

7.96 

19 

40 

7.99 
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TABLE  XXV. 
C  ^  ao040  approximately. 


h.      m.      t. 

k  X  10-4 
I. 

*  X  IO-* 

II. 

h.      m.      s. 

k  X  10-4 
I. 

*  X  10-4 
II. 

1    37     0 

Diluted. 

2      3    50 

8.14 

1    40    45 

6.50 

4    20 

8.12 

41    50 

6.63 

6    20 

8.19 

42    25 

6.78 

7      0 

8.20' 

42    55 

6.81 

10    15 

8.29 

43    25 

6.91 

10    55 

a30« 

44      0 

6.94 

16    55 

8.43 

44    40 

7.04 

17    35 

8.43* 

46    35 

7.22 

24      0 

8.54 

47    15 

7.29 

24    35 

8.55« 

47    45 

7.32« 

27    35 

8.59 

48    55 

7.42 

28      5 

s.eo' 

49    30 

7.46« 

41    50 

8.75 

50    55 

7.56 

42    25 

8.76« 

52    20 

7.61« 

45    55 

8.79 

54    40 

7.79 

46    15 

8.80« 

55    10 

7.79 

3      6    25 

8.93 

58    30 

7.95 

3      7      0 

8.94« 

2      0      0 

7.99 

'  Signifies  that  II  was  in  the  magnetic  field. 


The  current  in  the  electro-magnet  could  be  regulated  and  thrown 
on  or  off  at  will.  The  strength  of  the  field  in  which  the  solution  was 
placed  was  determined  by  the  change  of  resistance  of  a  bismuth  coil  of 
wire  placed  in  the  field.  The  strength  of  field  was  thus  found  to  be 
about  1,850  lines  per  square  cm.  Table  XXIV  contains  the  results 
of  a  blank   run,  both    cells  being   unmagnetized.      The  values  given 
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8.S0 


f  8.10 

c 

<3  7.70 
o 


7.30 


(.90 


^^ 

•— 

X 

^-^^ 

J 

1 

BL/^ 

BOTH  CE 

C 

^K  EXPERIME 
LLS  UNMAGNI 
-0.004  approx. 

^T 
•TfZED 

/ 

/ 

0  15 

Tim«  in  minuttt. 


30  45 

Plot  6. 


60 


75 


8S 


346 


H.  M,  Goodwin  and  Frederick  W.  Grover, 


are  specific  conductivities  at  the  temperature  of  boiling  ether  (33®). 
They  are  shown  in  plot  6,  where  it  is  seen  that  the  two  curves  prac- 
tically coincide  throughout,  thus  confirming  the  accuracy  of  the  cell 
constants  and  the  constancy  of  temperature  of  the  ether  jackets. 
Table  XXV  contains  the  results  of  a  run  in  which  one  cell  remained 
unmagnetized,  the  other  alternately  magnetized  and  unmagnetized. 
The  results  of  both  series  are  shown  in  plot  7.     The  curves  coincide 


.9.30 


Plot  7. 


throughout,  showing  that  no  change  in  the  rate  of  reaction  was  pro- 
duced by  the  magnetic  field.  Numerous  other  runs  confirmed  this 
result,  so  that  the  conclusion  may  be  drawn  that  the  rate  of  formation 
of  colloidal  hydrate  in  ferric  chloride  solutions  is  not  affected  by  the 
presence  of  a  magnetic  field  of  strength  not  greater  than  about  2,000 
lines  per  square  cm. 


Conclusion. 

The  principal  results  of  this  investigation  may  be  summed  up  as 
follows : 

.  I.  The  effect  of  lowering  the  temperature  is  to  very  greatly  dimin- 
ish the  rate  of  formation  of  colloidal  ferric  hydrate,  and  to  increase 
the  initial  lag  in  the  reaction. 
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2.  The  hypothesis  previously  advanced  to  account  for  the  acceler- 
ation of  the  reaction  when  once  started  is  confirmed.  The  presence 
of  colloidal  hydrate  exerts  a  very  marked  catalytic  action,  causing  the 
reaction  to  be  accelerated  by  an  amount  approximately  proportional  to 
the  amount  of  colloidal  hydrate  present  in  the  solution. 

3.  No  effect  of  a  magnetic  field  could  be  detected  on  the  course 
of  the  reaction. 
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The  Development  and  Application  of  a  General  Equation 
for   Free   Energy   and    Physlco-Chemical    Equilibrium.    By 

Gilbert  Newton  Lewis.  Proc,  Am,  Acad,,  35,  1-38. — The 
title  well  indicates  the  general  scope  of  the  article,  of  which  a 
detailed  review  is  impracticable.  The  following  laws  and 
phenomena  are  considered  by  the  author  from  the  point  of  view 
of  his  general  free  energy  equation :  law  of  mass-action ;  law  of 
constant  distribution-coeflficients ;  change  of  equilibrium  with 
temperature  including  van't  Hoff's  equation  ;  van  der  Waals* 
equation ;  heats  of  vaporization  and  vapor-pressure  curves ; 
specific  heats  of  liquids  and  vapors;  osmotic  pressure  of  con- 
centrated solutions;  distribution  of  a  solute  between  two 
solvents ;  single  potential  differences  and  electromotive  force  of 
concentration  cells  and  of  those  composed  of  the  same  metal  in 
contact  with  the  same  electrolyte  dissolved  in  two  different 
solvents.  The  mathematical  treatment  of  the  author  is  un  usually 
clear  and  explicit. 

Contribution  to  Our  Knowledge  of  Aqueous  Solutions  of 
Double  Salts. — //.  Chlorides.  By  Harry  C.  Jones  and 
Kenjiro  Ota.  Am,  Chem,  /.,  22,  5-14. — ///.  Chlorides  and 
Bromides,  By  Harry  C.  Jones  and  Nicholas  Knight. 
Am,  Chem,  /.,  22,  110-141. — The  electrical  conductivity  of 
aqueous  solutions,  varying  in  concentration  from  0.5-1.0  mol. 
per  liter  to  a  very  high  dilution,  of  a  considerable  number  of 
double  chlorides  and  bromides,  was  measured  and  compared 
with  the  sum  of  the  conductivities  of  the  separate  components  of 
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the  double  salt,  which  were  in  many  cases  measured  by  the 
authors,  but  in  others  were  taken  from  Kohlrausch.  The  follow- 
ing table  presents  the  results  in  a  greatly  condensed  form. 
Under  v  is  given  the  volume  in  liters  in  which  one  gram- 
molecular  weight  of  the  double  salt  is  dissolved,  and  under 
*  *  per  cent,  diff .  *  *  is  given  the  percentage  difference  (unfortunately 
not  calculated  by  the  authors)  between  the  sum  of  the  con- 
ductivities of  the  separate  component  salts  and  the  conductivity 
of  the  double  salt.  The  four  salts  in  the  first  horizontal  series 
were  investigated  by  Jones  and  Ota,  the  remainder  by  Jones 
and  Knight. 


aKCl.ZnCl,. 

Per  cent 
V              diff. 

KCLCdCl,. 

Per  cent 
V              diff. 

NaCl.AlCI,. 

Per  cent. 
V               diff. 

2NH4Cl.HgCl,. 
Per  cent. 
V            diff. 

I         35.8 

2          26.4 

2.88         13.1 

5            I2.I 

40          2.6 

32         9-7 

23.04           5.2 

40              3.6 

2CXX)            0.6 

1024            O.I 

368.6             0.2 

80              I.I 

aNaCI.ZnCl,. 

NH4Cl.MgCl«. 

KCl.Mg.Cl,. 

.      SrCl,  2CdCl,. 

1. 14         47.5 

1.92      I3.I 

1.95            17.3 

2.18         34.2 

24.16           9.4 

30.72        5.0 

31.2            12.5 

34.9             13.6 

773.              1.8 

983.             2.4 

998.                 5.2 

II16.                 5.8 

2NaBr.3CdBr,. 

3NH4Br.ZnBr, 

BaBr,.CdBr,. 

KBr.CdBr. 

4.88         30.6 

1.6     23.2 

1.97          31.8 

•  ■               •  • 

39.1            14.6 

25.9         7.8 

31.5            9-9 

30             13.7 

1563.                6.3 

1039.           2.4       I 

249.                 3.7 

1200              5.7 

KCI.NH4CI. 

KCLaNH^Cl. 

I          II.9 

I           14. 1 

32            3.8 

32          3-7 

640       — -0.4 

640       — 0.8 

The  mixtures  of  potassium  and  ammonium  chlorides  were 
investigated  to  determine  the  effect  on  one  another  of  two  salts 
which  do  not  form  ^  double  salt.  In  normal  solutions  of  these 
salts  it  will  be  seen  that  the  reduction  of  the  dissociation  in  the 
mixture  causes  a  difference  in  conductivity  of  12-14  percent. 
The  very  considerable  magnitude  of  this  effect  makes  somewhat 
doubtful  the  general  conclusion  of  the  authors  that  the  (other) 
**  double  chlorides  and  bromides  exist,  to  a  considerable  extent, 
in  the  more  concentrated  solutions,  and  are  completely  broken 
down  by  water  only  at  very  great  dilutions."  Their  conclusion 
would  seem  to  be  warranted  in  the  case  of  the  zinc  and  cadmium 
double  salts,  but  not  in  the  case  of  those  of  aluminum,  mercury, 
and  magnesium.  The  freezing-point  lowering  caused  by  seven 
of  the  above  double  salts  was  also  determined  at  various 
dilutions.  From  the  fact  that  some  of  these,  as  well  as  some  of 
the  component  salts,  exhibit  a  minimum  molecular  lowering 
between  o.i  and  0.5  molecular,  the  authors  conclude  that  the 
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freezing-point  method  is  not  suitable  for  the  investigation  of 
double  salts.  It  would  seem  to  the  reviewer,  however,  that,  in 
spite  of  the  very  considerable  deviations  from  theory  which  no 
doubt  exist,  much  could  be  learned  from  a  direct  experimental 
comparison  of  the  component  salts  and  their  mixtures,  and  it  is  to 
be  hoped  that  the  authors  will  continue  their  investigation  in 
this  direction. 

The  Hydrolysis  of  Stannic  Chloride.  By  William  Foster, 
Jr.  Phys,  Rev.,  9,  41-56. — The  author  has  determined  the 
electrical  conductivity  of  both  concentrated  and  dilute  aqueous 
stannic  chloride  solutions,  and  the  increase  in  their  conductivity 
with  the  time.  He  finds  that  very  concentrated  solutions  (5.0- 
2.5  equivalents  per  liter)  exhibit  no  time-change ;  that  solutions 
of  medium  concentrations  increase  slowly  in  conductivity,  while 
dilute  ones  (0.5-0.001  normal)  change  so  rapidly  that  the 
initial  velocity  is  not  measurable.  The  maximum  values 
reached  by  the  dilute  solutions  are  identical  with  that  shown  by 
hydrochloric  acid  of  the  same  concentration.  These  results  are 
substantially  the  same  as  those  obtained  by  Goodwin  {this  Rev,, 
3,  22)  in  his  similar  investigation  on  ferric  chloride.  The 
assumption  of  complete  hydrolysis  in  dilute  solutions  is  in  com- 
plete accord  with  the  freezing-point  determinations  of  Loomis, 
the  transference  experiments  of  Hittorf,  and  the  thermochemical 
measurements  of  Thomsen. 

The  Electrical  Resistance  of  Lead  Amalgams  at  Low 
Temperatures.  By  Gborgb  W.  Gressman.  Phys,  Rev,,  9, 
20-29. — The  results  are  presented  graphically.  As  the  resistance 
suddenly  decreases  very  markedly  when  the  amalgam  begins  to 
freeze,  the  freezing-points  can  be  readily  determined.  These  are, 
for  a  moderate  proportion  of  lead,  higher  than  that  of  pure 
mercury;  for  example,  the  latter  freezes  at  — 38.8**,  while  a  4.2 
per  cent,  amalgam  freezes  at — 37.7**,  a  7.1  per  cent,  one  at 
-  -37.0'',  and  a  11. 2  per  cent,  one  at  — 30.1". 

flolecular  Weights  of  Liquids,  HI.  By  Clarencb  L. 
Sphyers.  /.  Am,  Chem,  Soc,  21,  282-287. — The  author  shows 
graphically  that,  according  to  the  experimentsof  Lehfeldt,  in  the 
case  of  mixtures  of  carbon  tetrachloride  with  benzene  and  of  the 
same  with  toluene,  the  partial  vapor-pressure  of  each  constituent 
is  nearly  proportional  to  its  percentage  molecular  concentration, 
even  between  the  extreme  limits  of  o  and  100  percent.,  but 
that  this  is  not  true  of  mixtures  of  ethyl  alcohol  with  benzene  or 
with  toluene.  He  concludes  from  these  facts  that  the  molecules 
of  the  constituents  of  the  first-named  mixtures  are  not,  and  that 
those  of  the  last-named  mixtures  are,  polymerized. 
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On  Van't  Hoff's  Equation  and  the  flolecular  Weights  of 
Liquids.  By  C.  L.  Speyers.  /.  Am.  Chem,  Soc,  21, 
725-732. 

The  inversion  of  Sus:ar  by  Salts.  By  L.  Kahlenberg, 
D.  J.  Davis,  and  R.  E.  Fowler.  /.  Am.  Chem.  Soc,  21, 
1-23. — The  effect  of  most  of  the  salts  investigated  by  the  authors 
has  been  determined  previously  by  Walker  and  Aston  {/.  Chem. 
Soc,  67,  576)  or  by  Long  (/.  Am.  Chem.  Soc.,  18,  120,  693). 
The  original  features  of  the  investigation  are  the  application  of 
the  freezing-point  lowering  as  a  means  of  determining  the  extent 
of  the  inversion,  and  the  measurement  of  the  inverting  effect  of 
certain  colored  salts  (copper  sulphate  and  chloride  and  nickel 
sulphate )  by  that  means.  The  authors*  theoretical  considerations 
in  regard  to  hydrolysis  are  misleading,  this  phenomenon  depend- 
ing on  the  degrees  of  dissociation  of  water,  of  the  salt  itself,  and 
of  the  acid  and  base  composing  it,  and  not  at  all,  as  the  authors 
state,  on  the  **  ionizing  tendency  **  of  the  separate  ions.  It  may 
be  further  pointed  out  that  the  inverting  effect  of  a  salt  of  a  weak 
base  and  the  number  of  hydrogen  ions  its  solution  contains  are  a 
measure  of  its  hydrolysis  only  in  the  case  where  the  acid  is 
completely  dissociated;  and,  therefore,  the  fact  that  sulphates  of 
the  heavier  metals  invert  less  readily  than  the  chlorides,  does  not 
necessarily  signify  a  less  degree  of  hydrolysis  in  the  former  salts, 
since  much  undissociated  sulphuric  acid  may  be  present. 

Derivatives  and  Atomic  Mass  of  Palladium.  By  Willett 
Lepley  Hardin.  /.  Am.  Chem.  Sac,  21,  943-955. — Diphenyl-, 
dipyridine-,  and  diquinoline-pallad-diammonium  chlorides  and 
bromides,  and  di-piperidine-pallad-diammonium  chloride  were 
prepared  by  the  addition  of  the  bases  to  an  acid  solution  of 
palladious  chloride  or  bromide.  The  composition  of  the  phenyl 
derivative  is  Pd(NH,ClCeHJ,;  and  the  others  are  analogous, 
e.£-.  Pd(CjHjNCl),.  The  names  assigned  to  the  latter  are,  there- 
fore, irrational.  To  determine  the  atomic  weights  of  the  metal, 
the  author  has  reduced  diphenyl-pallad-diammonium  chloride 
and  bromide  and  ammonium  palladium  bromide  by  hydrogen  at 
a  red  heat.  As  a  mean  of  the  three  series  of  closely  checking 
determinations  he  gets  107.014  which  is  much  higher  than  the 
values  adopted  by  Clarke  and  Richards  (106.36  and  106.5). 

The  Conversion  of  Ammonium  Thiocyanate  into  Thiourea 
and  of  Thiourea  into  Thiocyanate.  By  John  WaddelIt.  /. 
Rhj^s.  Chem.,  2,  525-535. — The  author  shows  that  these  two 
reactions  reach  the  same  stale  of  equilibrium,  the  mixture  then 
consisting  of  21.2  per  cent,  of  thiourea  at  i52''-i53°  and  20.9  per 
cent,  at  i6o**-i6i'' ;  and  he  finds  that  the  velocity  of  each  of  them 
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corresponds  as  closely  as  the  rather  large  experimental  errors 
permit,  with  the  requirements  of  the  mass-action  law  for  a  reversi- 
ble monomolecular  reaction.  The  rate  of  the  reactions  is  about 
twice  as  great  at  160**  as  it  is  at  152°. 

Pressure-temperature  Diagrams  for  Binary  Systems.     By 

Wilder  D.  Bancroft.    /.  Phys,  Ghent.,  3,  i-ii. 

Reversible  Reactions.    By  John  Waddkll.    /.  Phys.  Ghent,, 

3,  41-45. — The  author  shows,  as  has  been  previously  done  in 

detail  by  Ostwald  (Lehrbuch,  II,  2,  251,  257),  that  the  velocity 

of  a  reversible  first  order  reaction   can   be  expressed   by   the 

dx 
equation  -jt=  (>^i  +  ^,)  (f — x),  in  which  i^,  and  ^,  are  the  velocity 

constants  of  the  opposing  reactions  and  i  is  the  value  of  x  after 

equilibrium  is  reached ;  but  that  the  corresponding  simple  ex- 

dx 
pression,-^  =  (i — xY ,  is  not  applicable  to  reversible  second 

order  reactions.  An  omission  made  by  Ostwald  in  deriving  the 
formula  that  does  hold  true  in  the  latter  case  is  pointed  out. 

Demonstration  of  tlie  Pliase  Rule.  By  Paul  Saurel.  /. 
Phys.  Ghent.,  3,  69-71;   137-143. 

Dissociation  Studies,  I.  By  Wilder  D.  Bancroft.  /. 
Phys.  Ghent.,  3,  72-94. — A  graphical  discussion  of  the  equilib- 
rium of  two  component  systems. 

The   Electromotive   Forces  of  Concentration  Cells.    By  J. 

E.  Trevor.  /.  Phys.  Ghent.,  3,  95-106. — The  author  shows 
the  effect  of  the  heat  of  dilution  (which  is  ordinarily  neglected) 
on  the  general  equations  expressing  the  relation  between  electro- 
motive force,  concentration,  and  temperature. 

» 

Correction.  By  Wilder  D.  Bancroft.  /.  Phys.  Ghent., 
3,  107. — This  refers  to  an  error  in  the  calculation  of  the  electro- 
motive force  between  amalgams  in  an  article  by  Cady  (J,  Phys. 
Ghent.,  2,  554  . 

The  Composition  of  nixed  Vapors,  I.  By  Hector  R. 
Carveth.    /.    Phys.    Ghent.,   3,    193-213. 

On  Maxwell's  Theorem.  By  Paul  Saurel.  /.  Phys.  Ghent., 
3,214-216. 

Ternary  flixtures,  IV.  By  Wilder  D.  Bancroft.  /.  Phys. 
Ghent.,  3,  217-231. 

Solid  Solutions.  By  Hamilton  P.  Cady.  /.  Phys.  Ghent., 
3,  127-136. — The  author  states  that  naphthalene  forms  two  series 
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of  solid  solutions  both  with  monochloracetic  acid  and  with 
glycolic  acid,  but  hardly  any  evidence  is  presented  to  show  that 
the  supposed  solid  solutions  are  not  simple  mixtures  of  the  two 
separate  solid  phases. 

The  Equilibrium  of  Stereoisomers,  ill.  By  Wildbr  D. 
Bancroft.    /.  Phys,  Chem,,  3,  144-155. 

On  the  riolecular  Weij^ht  of  Sulphur  in  Carlion  Bisulphide 
Solutions.  By  H.  T.  Barnes.  /.  Phys.  Chem.,  3,  156-159.— 
The  author  calculates  a  value  for  the  molecular  weight  from  the 
density  {sic)  of  the  solutions. 

Freezing-point  in  Ternary  Mixtures.  By  John  Waddbll. 
J.  Phy^,  Chem.^  3,   160-164. 

Electrolytic  Dissociation  and  Toxic  Effect.  By  J.  P.  Clark. 
J,  Phys.  Chem.;  ^y  263-316;  Botan,  Gaz,^  28,  289. — The  author 
has  determined  the  minimum  concentration  of  a  number  of 
chemical  substances  that  suffices  (i)  to  retard  or  make  irregular 
the  mycelial  development  and  prevent  the  fruiting  of  the  spores 
of  five  different  forms  of  mold,  (2)  to  inhibit  entirely  their 
development,  and  (3)  to  kill  them.  The  second  of  these  effects 
is  most  accurately  determinable  and  is  the  one  mainly  discussed. 
The  results  in  the  following  table  show  the  number  of  mols  of 
each  substance  required  to  produce  an  inhibiting  effect  equal  to 
that  of  one  mol  of  mercuric  chloride  when  dissolved  in  the  same 
quantity  of  water,  namely,  7300  liters. 


Potassium  bichromate 

I.I 

Trichloracetic  acid 

321. 

Silver  nitrate 

1.3 

Hydrogen  peroxide 

375. 

Potassium  chromate 

1.4 

Ferrous  sulphate 

411. 

Formaldehyde 

5- 

Copper  sulphate 

468. 

Hydrocyanic  acid 

II. 

Copper  nitrate 

479- 

Cadmium  nitrate 

22. 

Nitric  acid 

503. 

Potassium  cyanide 

91. 

Potassium  hydroxide 

593. 

Nickel  sulphate 

120. 

Sodium  salicylate 

650. 

Ammonium  hydroxide 

182. 

Sulphuric  acid 

732. 

Cobaltous  sulphate 

206. 

Hydrochloric  acid 

821. 

Monochloracetic  acid 

207. 

Zinc  sulphate 

2150. 

Dichloracetic  acid 

229. 

Potassium  iodide 

8775. 

Acetic  acid 

296. 

Ethyl  alcohol 

13164. 

Various  other  neutral  salts  were  also  partially  investigated ; 
namely,  potassium  chloride,  bromide,  nitrate,  and  sulphate,  and 
the  potassium  salts  of  the  three  chloracetic  acids.  All  of  these 
salts  were  only  very  slightly  toxic,  having  from  ^y  to  less  than  ^'y 
of  the  effect  of  hydrochloric  acid.  A  consideration  of  the  data 
from  a  theoretical  standpoint  leads  the  author  to  conclude  that 
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the  hypothesis  that  ''the  ionized  part  of  a  dissolved  substance 
and  that  only  is  chemically  active ''  is  in  disagreement  with  his 
own  physiological  results  and  also  those  of  others.  The  main 
reason  for  this  conclusion  is  that  the  partially  dissociated  acids 
like  acetic  and  the  chloracetlc  acids  have  nevertheless  a  much 
more  powerful  toxic  effect  than  hydrochloric  acid  and  than  their 
neutral  salts  which  contain  the  same  ions  in  much  larger 
quantity.  Without  wishing  to  defend  the  almost  obviously 
untenable  assumption  that  undissociated  molecules  never  enter 
into  chemical  reactions,  the  reviewer  would  point  out  that  one 
important  fact  has  been  generally  overlooked  in  the  interpretation 
of  the  physiological  results  with  reference  to  the  dissociation 
theory ;  and  that  is  the  well-known  catalytic  effect  of  hydrogen 
ions.  Thus  it  is  by  no  means  justifiable  to  assume  that  because 
the  NO,  ion  has  no  appreciable  toxic  influence  in  a  potassium 
nitrate  solution,  that  the  same  is  true  of  it  in  a  nitric  acid 
solution  where  hydrogen  ions  are  simultaneously  present.  On 
the  contrary,  the  fact  that  nitric  is  more  toxic  than  hydrochloric 
acid  would  seem  to  be  due  more  probably  to  the  oxidizing  effect 
of  the  NO,  ion  in  acid  solution  than  to  the  undissociated  HNO, 
molecules. 

5ome  Boiling-point  Curves.  By  J.  K.  Haywood.  /.  Phys. 
Chem.^  3,  317-327. — The  author  has  determined  the  boiling- 
points  at  nearly  constant  pressure  of  alcohol- water,  alcohol- ether, 
alcohol-carbontetrachloride,  chloroform-carbontetrachloride, 
chloroform-methylalcohol,  acetone- water,  acetone-methylalco- 
hol,  acetone-ether,  and  acetone- car bontetrachloride  mixtures. 
The  results  are  presented  graphically  as  well  as  in  a  tabular 
form. 

Some  Boiling-point  Curves,  II.  By  J.  K.  Haywood.  /. 
Am,  Chem.  Soc,  21,  994-1001. — In  this  paper  the  boiling-points 
of  mixtures  of  benzene  with  chloroform,  with  carbon  tetrachloride, 
with  ether,  with  acetone,  and  with  methyl  alcohol,  and  of  methyl 
alcohol  with  ethyl  alcohol,  with  carbon  tetrachloride,  and  with 
ether  are  given,  and  the  corresponding  boiling-point  curves  are 
shown.  Of  these  curves  those  for  benzene  with  methyl  and 
ethyl  alcohols,  and  for  methyl  alcohol  with  carbon  tetrachloride, 
alone  show  the  existence  of  a  minimum  boiling-point.  No  very 
definite  conclusions  are  drawn  from  the  results. 

The  Deliquescence  of  Potassium  Nitrate,  Sodium  Nitrate, 
and  Ammonium  Nitrate.  By  F.  L.  Kortright.  /.  Phys. 
Chem,y  3,  328-333. — These  three  salts  were  placed  on  watch- 
glasses  in  desiccators  over  mixtures  of  sulphuric  acid  and  water 
of  known  concentrations  and  vapor-pressures,  gradually  increas- 
ing the  amount  of  water  in  the  acid  u6til  the  salt  gained  in 
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weight.  The  minimum  pressures  of  water  vapor  causing 
deliquescence  were  thus  found  to  be  at  20°  between  8.5  and  10.8 
mm.  for  ammonium  nitrate,  between  12.3  and  13.5  mm.  for 
sodium  nitrate,  and  between  15.5  and  16.5  mm.  for  potassium 
nitrate.  The  vapor- pressure  of  pure  water  at  20°  is  17.4  mm. 
The  author  has  determined  by  extrapolation  from  existing  data 
the  vapor-pressures  of  saturated  solutions  of  the  salts  and  find 
these  in  agreement  with  the  deliquescence  pressures,  as  theory 
requires. 

On  the  Stability  of  Equilibrium  of  a  One  Component  System. 

By  Paul  Saurel.    /.  Phys,  Chem,,  3,  334-336. 

Notes  on  the  Energy  Theory.  By  J.  E.  Trevor.  /.  Phys, 
Chem.y  3,  339-348. — The  author  differentiates  the  energy-chan- 
ges that  may  take  place  in  any  system  into  (mechanical)  work 
terms  and  into  what  he  calls  work-equivalent  terms;  the  former 
are  the  product  of  forces  into  changes  of  space  (distance,  surface, 
or  volume),  and  the  latter,  including  all  other  energy-changes, 
are  the  product  of  potentials  into  changes  of  **  quantity-coordi- 
nates.** 

ninimum  Boiling-points  and  Vapor  Compositions.   By  J.  H. 

Pettit.  y.  Phys,  Chem,^  3,  349-363. — The  author  has  deter- 
mined the  boiling-points  of  various  mixtures  of  methyl  alcohol 
and  ether,  methyl  alcohol  and  chloroform,  and  methyl  alcohol 
and  acetone,  and  of  the  four  pure  substances.  The  last  two 
mixtures  have  a  minimum  boiling-point  when  the  concentration 
of  the  methyl  alcohol  is  about  ten  per  cent.  The  purpose  of  the 
work  was  to  test  the  **  theorem"  of  Bancroft  that  all  miscible 
liquids  whose  temperature- vapor  pressure  curves  intersect  form 
mixtures  with  a  maximum  or  minimum  boiling-point  at  some 
concentration.  Besides  his  own  experiments  the  author  takes 
into  consideration  those  of  others,  and  concludes  that  the  theo- 
rem is  fully  supported  by  the  facts. 

Dissociation  Pressure  before  H.  Sainte-Claire  Deville.   By  P. 

DuHEM.  J,  Phys,  Chem.,  s,  364-378. — The  author  points  out 
that  in  1837,  a  French  scientist,  Georges  Aim6,  published  a 
thesis  in  which  he  deafly  stated  the  principle  of  constant  dis- 
sociation-pressure, and  communicated  experiments  confirming 
it,  on  calcium  carbonate  and  hydrochloric  acid,  and  sodium  carbo- 
nate and  various  organic  acids,  in  which  he  showed  that  these 
reactions  ceased  when  the  partial  pressure  of  the  carbon  dioxide 
reached  a  definite  value  which  was  independent  of  the  amounts 
of  carbonate  and  acid  brought  together,  of  the  capacity  of  the 
closed  vessel,  and  of  the  presence  or  absence  of  air  in  the  vessel. 
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On  the  Paraanisaldoximes.  By  H.  R.  Carvbth.  /.  Phys. 
Chem.,  3,  437-451. — This  investigation  is  along  the  lines  of  pre- 
vious ones  from  the  same  laboratory.     (See  this  Rev,^  4,  97.) 

On  the  Relation  between  Pressure  and    Evaporation.    By 

Edwin  H.  Hall.  /.  Phys.  Chem,,  3,  452-456. — The  author 
states  that  Nernst  in  deriving  the  equation  for  isothermal  chemi- 
cal equilibrium  neglects  the  work  done  on  the  condensed  sub- 
stances that  may  be  involved ;  and  by  making  this  correction 
the  author  derives  a  relation  between  temperature,  total  pressure, 
and  vapor-density  in  the  case  of  a  pure  solid  or  liquid.  The 
reviewer  would  point  out,  however,  that  if  the  pressure  is  so 
high  as  to  make  the  mentioned  correction  appreciable,  the  devi- 
ations from  the  simple  gas  laws  would  be  so  also;  and  the 
derived  relation  would  have  a  different  form. 

Thermal  Coefficients.  By  J.  E.  Trevor.  /.  Phys.  Chem., 
3,  523-547. — A  complete  mathematical  treatment  of  the  funda- 
mental relations  between  pressure,  volume,  temperature,  entropy, 
energy,  free  energy,  the  heat  function,  and  the  thermodynamical 
potential. 

Hydrates  in  Solution.  By  Wilder  D.  Bancroft.  /.  Phys. 
Chem.y  3,  551-554. — Nernst  showed  that,  in  the  case  of  a 
hydrate  of  the  formula,  A.nH,0,  dissociating  into  its  components 
A  and  n  molecules  H,0,  the  mass-action  law  requires,  since  for 
not  too  concentrated  solutions  the  concentration  of  the  water  is 
constant,  that  the  concentrations  of  the  hydrate  and  anhydrous 
substance  be  proportional  to  each  other,  or  that  the  proportion 
of  hydrated  substance  be  independent  of  the  concentration .  This 
last  statement,  which  is  obviously  to  be  understood  to  mean  that 
the  ratio  of  hydrate  to  the  sum  of  hydrate  and  anhydrous  sub- 
stance is  constant,  is  misinterpreted  by  the  author  so  as  to  sig- 
nify that  the  ratio  of  hydrate  to  the  total  amount  of  substance 
present,  no  matter  what  its  molecular  condition  may  be,  is  con- 
stant ;  and  it  is  correctly  shown  by  him  that  in  this  sense  the 
statement  is  not  applicable  to  hydrated  salts  which  at  the  same 
time  undergo  electrolytic  dissociation ;  for  in  that  case  the 
amount  of  undissociated  anhydrous  salt  is,  it  is  well-known,  not 
proportional  to  the  total  amount  of  salt  present.  In  regard  to 
the  equilibrium  of  hydrated  salts  in  solution,  the  reviewer  would 
add  that  it  is  just  as  probable  that  the  ions  are  hydrated  as  that 
the  undissociated  molecules  are. 

The  Specific  Heat  of  Hetals  at  Low  Temperatures.     By  C. 

C.  Trowbridge.  Science,  8,  6-1 1.  The  author  has  deter- 
mined by  the  method  of  mixtures  the  mean  specific  heat  of  cop- 
per, iron,  and  aluminum  between  +  13  and  — 181. 4**,  the  temper- 
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ature  of  boiling  oxygen  obtained  from  liquid  air,  and  finds  the 
values  0.0868,  0.0914,  and  0.1833  respectively,  which  are  less 
than  the  mean  specific  heats  between  23*  and  100°  by  7.6,  21.3, 
and  15.7  per  cent.,  respectively. 

H.  M.  Goodwin,  Rbvibwbr. 

Note  on  the  Coefficient  of  Expansion  of  ice.  By  Edward  L. 
Nichols.  Phys,  Rev,,  8,  184-186. — The  author  gives  the 
result  of  a  direct  determination  of  the  coefl&cient  of  expansion  of 
artificial  ice  cut  in  the  form  of  a  bar  45  cm.  long,  12  cm.  wide, 
and  5  cm.  thick.  The  measurements  were  made  on  a  dividing- 
engine,  during  a  period  when  the  temperature  varied  from  —  3** 
to  — 17''.  The  value  0.0000540^0.0000020  was  obtained  for  a 
mean  temperature  interval  of  — 8"*  to  — 12".  This  value  agrees 
well  with  that  obtained  by  a  similar  method  by  Struve 
(0.0000530),  and  that  obtained  by  Pliicker  and  Geissler 
(0.0000528)  by  the  dilatometer  method.  The  results  of  Brunner 
and  of  Marchand  are  much  lower :  the  differences  may  be  due 
to  the  specimen  of  ice  employed. 

The  Electricai  Conductivity  of  Non-Aqueous  Solutions.     By 

AzARiAH  T.  LiNCOi<N.  /.  Phys,  Chem.,  3,  456-494. — This  arti- 
cle forms  a  continuation  of  a  paper  by  Kahlenberg  and  the  author 
on  the  Dissociating  Power  of  Solvents  (this  Rev,,  5,  47).  Addi- 
tional qualitative  determinations  of  the  solubility  of  eighteen 
inorganic  salts,  mostly  chlorides,  were  first  made  in  twenty-nine 
organic  solvents.  Quantitative  conductivity  measurements  were 
then  made  of  solutions  of  ferric  chloride  in  various  organic  sol- 
vents, as  well  as  of  several  solutions  of  bismuth,  antimony,  alu- 
minum chloride,  and  silver  nitrate.  The  work  and  conclusions  of 
other  investigators  are  discussed  and  recapitulated  in  connection 
with  the  results  obtained  and  the  general  conclusion  is  drawn  that 
the  dissociation  theory  and  all  other  proposed  theories  fail  com- 
pletely to  explain  the  results  thus  far  obtained  for  non-aqueous 
conducting  solutions.  No  rigid  classification  of  solvents  with 
reference  to  the  conductivity  of  their  solutions  is  made,  although 
in  general  the  Thomson-Nernst  dielectric  constant  criterion 
is  found  to  hold  true. 

The  Infiuence  of  5ubstituents  on  the  Eiectrical  Conductivity 
of  Benzoic  Acid.  By  Alfred  Tingle.  /.  Am,  Chem.  Soc,  ai, 
792-804. — The  electrical  conductivity  of  the  alkali  salts  of  the 
ortho  and  para  halogen-substituted  benzoic  acids  was  determined 
at  25"  C.  for  dilutions  of  64  and  128  liters.  The  difference 
between  the  molecular  conductivity  of  the  same  salts  of  two 
metals  was  found  to  vary  widely  with  the  acid  with  which  the 
metals  were  in  combination.     The  results  are,  however,  consid- 
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ered  only  preliminary.  If  further  measurements  are  to  embrace 
but  two  dilutions,  it  would  be  much  better  to  choose  37  or  64 
liters  and  1024  liters  for  the  reasons  pointed  out  by  Bredig,  and 
then  compare  the  extrapolated  /^qq  values. 

Differences  of  Potential  between  Metals  and  Non-Aqueous 
Solutions  of  Their  Salts.  By  Louis  Kahlenberg.  /.  Phys. 
Chem,,  3,  379-404. — The  potential  differences  between  silver  and 
decinormal  solutions  of  silver  nitrate  in  various  organic  solvents 
were  measured  against  a  normal  electrode  by  the  usual  compen- 
sation method  with  capillary  electrometer.  Also  those  between  a 
number  of  other  metals  and  decinormal  solutions  of  such  of  their 
salts  as  were  sufficiently  soluble  in  organic  solvents  were  deter- 
mined. In  all  eighty-nine  combinations  including  some  twenty 
or  more  solvents  were  investigated.  The  conclusion  drawn  by 
Jones  from  a  similar  investigation  with  aqueous,  methyl  and 
ethyl  alcoholic  and  acetone  solutions,  namely,  that  the  electro- 
lytic solution  tension  of  a  metal  is  a  function  of  the  solvent,  is 
further  verified  by  the  more  extensive  data  thus  obtained.  Prom 
the  values  of  the  potential  difference  of  different  metals  in  the 
various  solvents,  it  is  plrobable  that  the  order  of  the  metals 
in  the  voltaic  series  also  varies  with  the  solvent.  Values  of  P, 
the  electrolytic  solution  pressure,  could  not  be  computed  for  lack 
of  data  on  the  dissociation  of  the  dissolved  salts.  On  account 
of  the  fact  that  the  electrolytic  solution  pressure  varies  with  the 
solvent  or  mixture  of  solvents,  the  author  seems  to  question  the 
definiteness  and  value  of  the  concept  of  the  quantity  as  such. 
This  seems  to  the  reviewer  unnecessary,  for  the  same  change  of 
numerical  value  is  observed  in  the  solubility  of  all  substances  in 
different  solvents ;  thus,  ordinary  solubility  (that  is,  the 
solution  pressure  of  the  solute)  and  electrolytic  solution  pressure 
of  a  metal,  are  analogous  quantities  and  are  completely  determined 
for  a  given  substance  by  temperature,  pressure,  and  the  nature 
of  the  solvent. 

The  Specific  Heat  of  Solutions  which  Are  Not  Electrolytes. 

By  Wm.  Francis  Magie.  Phys,  Rev,,  9,  65-85.— The  author 
deduces(  under  certain  assumptions),  the  relation  that  the  specific 
heats  of  solvent  and  solute  are  constant  at  all  concentrations  In 
somewhat  different  form  the  same  result  has  also  been  recently 
published  by  Schiller.  To  test  this  relation,  the  specific  heat  of 
various  solutions,  cane-sugar,  dextrose,  mannite,  and  urea  in 
water,  as  well  as  of  solutions  in  alcohol  and  aniline  was  deter- 
mined by  a  modification  of  Pfaundler's  method.  The  relation 
was  found  to  be  verified  in  many  cases.  'Alcohol,  either  as  solute 
or  solvent,  formed  an  exception.  The  data  are  as  yet  insuf- 
ficient to  warrant  the  general  conclusion  that  the  molecular 
heat  of  a  dissolved  substance  is  independent  of  the  solvent. 
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On  the  Spectra  of  Krypton.  By  C.  Runge.  Astro-phys,  /., 
^^»  73- — The  krypton  was  prepared  as  described  by  Ramsay  and 
Travers  from  liquid  air,  and  contained  some  argon.  The  gas 
emitted  two  spectra,  one  with  Leyden  jar  or  spark  gap  in  the  sec- 
ondary circuit,  the  other  without  I/Cyden  jar  and  spark  gap,  as 
is  the  case  with  argon.  The  lines  due  to  krypton  were  meas- 
ured, argon  lines  being  eliminated  by  comparison  with  a  photo- 
graph of  an  argon  spectrum.  It  is  interesting  to  note  that  the 
author  identifies  the  lines  of  Ramsay's  metargon  with  the  carbon 
lines,  as  was  first  pointed  out  by  Schuster.  He  suggests  that  they 
may  be  due  to  a  compound  of  argon  and  carbon  which  is  not  de- 
composed by  sparking  in  an  atmosphere  of  oxygen. 
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Hekrt  Pat,  Rbvibwbr. 

A  Contribution  to  Our  Knowledge  of  Dicarix>nyl  Cuprous 
Chloride.  By  WitUAM  App  Jones.  Am.,  Chem.  /.,  22,  287- 
311. — Dicarbonyl  cuprous  chloride,  prepared  by  passing  carbon 
monoxide  into  cuprous  chloride  moistened  with  hydrochloric 
acid,  was  obtained  in  white  crystalline  plates  which  decomposed 
rapidly  on  drying.  The  compound  was  analyzed  by  decompo- 
sing it  by  heat,  measuring  the  carbon  monoxide  liberated,  and 
weighing  the  water ;  also,  by  determining  the  increase  in  weight 
of  cuprous  chloride  when  carbon  monoxide  is  passed  over  it. 
The  analyses  show  that  the  compound  has  the  composition  rep- 
resented by  the  formula  Cu,Cl,.2C0.4H,0.  The  compound  is 
decomposed  by  diminished  pressure  and  by  increase  of  tempera- 
ture. The  gas  given  off  does  not  show  any  marked  increase  in 
chemical  activity.  Oxygen  and  chlorine  cause  only  very  slight 
decomposition,  and  hydrogen  and  nitrogen  are  without  action. 
The  general  properties  of  dicarbonyl  cuprous  chloride  are  similar 
to  those  of  other  inorganic  compounds  containing  carbon  monox- 
ide.    It  is  tc  be  considered  as  a  true  chemical  compound. 

The  Occlusion  of  Hydrogen  by  iletallic  Cobalt  and  Other 
rietals.  By  Gregory  Paui,  Baxter.  Am,  Chem,  /.,  22, 
35i-364» — The  amounts  of  hydrogen  occluded  by  metallic  cobalt, 
nickel,  copper,  and  silver  were  determined  by  igniting  the  reduced 
metals  in  a  current  of  air  and  weighing  the  water  formed.  The 
volume  of  occluded  hydrogen  depends  upon  the  amount  of  sur- 
face presented,  the  purity  of  the  metal,  and  the  temperature  of 
reduction.  With  cobalt  the  metal  in  the  form  of  ingots  occludes 
less  hydrogen  than  that  deposited  in  the  form  of  foil  by  the  elec- 
tric current.  The  fine  powder  obtained  from  the  reduction  of  the 
oxide  occludes  hydro2;en  in  amounts  varying  with  the  purity 
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and  the  method  of  preparation.  Perfectly  pure  oxide  reduced 
in  hydrogen  at  40o''-50o''  occludes  about  half  as  much  gas  as  the 
impure  oxide,  containing  small  amounts  of  alkali  and  silica,  the 
increased  amounts  in  the  latter  case  being  due  to  the  more  porous 
material.  The  property  of  spontaneous  oxidation  was  shown  to 
be  due  not  to  the  amount  of  hydrogen  occluded  but  to  the  large 
amount  of  surface  exposed  to  the  air.  Occlusion  proceeds  slowly 
at  ordinary  temperatures  and  is  dependent  upon  the  time  of  con- 
tact of  the  metal  with  hydrogen.  Nickel  is  subject  to  the  same 
influences  as  cobalt,  the  pure  metal  occluding  only  traces  of 
hydrogen.  The  extent  of  occlusion  varies  with  the  fusion- points 
of  the  metals, — the  higher  the  melting-point  the  greater  is  the 
occlusion.  Silver  and  copper,  whose  melting-points  are  close  to 
the  temperature  of  reduction,  consequently  occlude  smaller 
amounts  of  gas,  because  the  sintering  together  of  the  metal  is 
greater,  thus  diminishing  the  extent  of  the  surface.  Pure  silver 
and  copper  occlude  only  small  amounts  of  hydrogen. 

The  Electrolysis  of  Metallic  Phosphate  Solutions.  By  Har- 
vey M.  Fkrnberger  and  Edgar  F.  Smith.  /.  Am,  Chem, 
Soc.,  21,  1001-1007. — The  current  density,  voltage,  dilution,  and 
temperature  are  given  for  the  quantitative  separation  of  copper 
from  iron,  aluminum,  chromium,  cobalt,  nickel,  zinc,  and  man- 
ganese using  solutions  of  their  phosphates.  Mercury  and  nickel 
may  also  be  precipitated  quantitatively  from  phosphate  solutions. 

Observations  upon  Tungsten.  By  Edgar  P.  Smith.  I.  The 
Action  of  Sulphur  flonochloride  upon  Tungsten  Trioxide.     By 

Hermann  Fi.eck.  11.  Tungsten  Alkyls.  By  E.  A.  Barnett. 
III.  Tungsten  Alkyls.  By  Ci^arence  Hai.1..  IV.  Esters  of 
Tungstic  Acid.  By  Claude  Dugan.  V.  The  Atomic  Mass  of 
Tungsten.  By  Willett  L.  Hardin.  /.  Am.  Chem.  Soc,  21, 
1007-1027. — 

I.  By  heating  finely  divided  wolframite,  scheelite,  tungsten 
trioxide,  or  tungsten  dioxide,  with  sulphur  monochloride  to  145* 
tungsten  oxytetrachloride,  WOCl^,  was  formed  in  scarlet-red 
crystals  which  decomposed  readily  in  the  air.  This  compound 
is  soluble  in  carbon  disulphide  and  sulphur  monochloride,  and 
may  be  purified  by  sublimation.  It  has  been  shown  that  there 
is  a  crystalline  form  of  tungsten  trioxide  which  is  insoluble  in 
sulphur  monochloride  at  145''.  Pure  sulphur  monochloride  does 
not  attack  metallic  tungsten. 

II.  It  was  impossible  to  obtain  tungsten  alkyls  either  by  heat- 
ing metallic  tungsten  with  methyl  iodide,  or  by  the  action  of 
mercury  ethide  upon  tungsten  hexachloride. 

III.  An  unsuccessful  attempt  was  made  to  prepare  tungsten 
alkyls  from  zinc  methide  and  tungsten  hexachloride. 
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IV.  Esters  could  not  be  obtained  by  treating  tungsten  oxy- 
tetrachloride  with  alcohols.  The  products  indicated  that  the 
reaction  was  incomplete. 

V.  The  author  has  shown  that  the  usual  methods  of  deter- 
mining the  atomic  weight  of  tungsten  are  not  trustworthy. 
Tungsten  trioxide  prepared  from  tungsten  oxychloride  caiinot 
be  obtained  pure  and  its  reduction  to  metal  in  a  current  of  hydro- 
gen consequently  gives  varying  results  for  the  atomic  weight. 
The  metal  does  not  occlude  hydrogen  to  any  extent.  By  oxida- 
tion of  the  metal  to  tungsten  trioxide  results  were  obtained 
which  varied  from  184.  i  to  184.8  because  of  the  volatility  of  the 
oxide.  Anal3'ses  of  tungsten  oxychloride,  and  of  barium  meta- 
tungstate,  were  likewise  untrustworthy.  The  most  probable 
value  the  author  considers  to  be  184,  until  more  accurate  meth- 
ods can  be  devised. 

Note  on  the  Color  of  Chlorine  Solutions.     By  E.  H.  Sarles. 
J,  Am,  Chem,  Soc,  21,  1038. — A  preliminary  note. 
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UI.TIMATE  ANALYSIS. 
H.  P.  Talbot,  Rbvibwrr. 

The  Determination  of  Nickel  in  Nickel-5teel.  By  Geo.  Wm. 
Sargent.  /.  Am,  Chem,  Soc,  21,  854-857. — The  steel  is  dis- 
solved in  hydrochloric  acid,  the  iron  oxidized  by  nitric  acid  (the 
excess  of  which  is  removed  by  evaporation  to  dryness),  and  the 
hydrochloric  acid  solution  of  the  residue  treated  with  ether, 
which  has  previously  been  shaken  with  strong  hydrochloric  acid. 
A  single  treatment  was  found  to  suffice.  The  aqueous  solution 
containing  the  nickel  is  treated  with  ammonia  and  the  acidified 
filtrate  with  sulphuretted  hydrogen  to  remove  any  copper.  The 
filtrate  is  concentrated,  ammonia  is  added  in  slight  excess,  then 
measured  quantities  of  solutions  of  silver  nitrate  and  potassium 
iodide,  after  which  a  standard  potassium  cyanide  solution  is 
added  until  the  opalescence  due  to  silver  iodide  just  disappears. 
Compare  the  method  of  Chase  ( Blair  :  The  Chemical  Analysis 
of  Iron,  Appendix  to  Third  Edition)  \  and  Campell  and  Andrews: 
f.  Am,  Chem,  Soc,^  17,  125. 

Tlie  Quantitative  Estimation  of  Boric  Acid  in  Tourmaline. 

By  George  W.  Sargent.  /.  Am,  Chem.  Soc,  21,  858-888. — 
The  results  of  the  experiments  described  in  this  paper  are  sum- 
marized at  its  close,  and  cannot  well  be  further  condensed.  The 
paper  includes  a  historical  rdsumd  of  earlier  work  in  this  field, 
and  a  bibliography. 

Electrolytic  Determinations  and  5e|iarations.     By  Lily  G. 
KoLLOCK.    /.  Am,  Chem,  Soc.,  21,  911-928. — The  methods  for 
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the  electrolytic  determination  or  separation  of  a  considerable 
number  of  metals  have  been  subjected  to  examination  with  a 
view  of  defining  with  exactness  the  conditions  essential  for  suc- 
cess, especially  with  respect  to  amperage,  voltage,  and  current 
density.  Reference  to  the  original  article  is  necessary  for  the 
detailed  results. 

The  Precipitation  of  Copper  by  Zinc.  By  John  C.  Shbn- 
GLE  AND  Edgar  F.  Smith.  /.  Am,  Chem,  Soc,  21,  932-933. 
— The  authors  find  that  copper  precipitated  from  its  solutions 
by  means  of  zinc  always  contains  small,  variable  quantities  of 
the  latter  metal. 

Note  :  Analysis  of  Zinc  for  Cadmium  and  Lead.     By  P.  A. 

Mackay.  J,  Am,  Chem,  Soc^  21,  940-941. — ^The  greater  por- 
tion of  the  zinc  is  dissolved  in  hydrochloric  acid,  leaving  the 
lead  and  cadmium  deposited  upon  the  residual  zinc.  After 
solution  in  nitric  acid  the  lead  is  removed  as  sulphate,  the  cad- 
mium thrown  down  as  sulphide,  dissolved  in  hydrochloric  acid, 
a  known  solution  of  zinc  chloride  is  added,  and  the  whole  titra- 
ted with  potassium  ferrocyanide. 

Notes  on  the  I>etermination  of  Sulphur  in  Pig  Iron.     By  M. 

J.  MooRK.  y.  Am,  Chem.  Soc,  21,  972-975. — The  author  finds 
marked  dififerences  in  the  results  obtained  by  volumetric  deter- 
minations of  sulphur  made  upon  shot  samples  and  sand  samples 
of  pig-iron  taken  from  the  same  mixer.  The  results  obtained 
from  the  shot  samples  are  low  as  compared  with  the  gravimetric 
determinations. 

Note  :  The  Determination  of  Chromium  in  Steel.     By  R.  W. 

Mahon.  J,  Am,  Chem,  Soc.^  2x,  1057-1060. — The  author  states 
the  results  of  experiments  made  to  determine  exact  conditions 
as  to  volume,  quantity  of  reagents,  etc.,  which  are  best  for  use 
in  McKenna\s  method  for  the  estimation  of  chromium  {Proc, 
Eng,  Soc,  Western  Penn.,  11,  No,  6). 

The  Direct  Determination  of  Available  Phosphoric  Acid.     By 

F.  P.  Vkitch.  /.  Am,  Chem,  Soc.,  21,  1090-1094. — The  author 
shows  that  the  discrepancies  in  the  method  of  Ross  (  C/,  S.  Dept, 
Agr,^  Div.  Chem,,  Bull,  38,  17),  as  compared  with  the  official 
method,  arise  from  the  failure  to  take  account  of  the  phosphoric 
acid  in  the  washings  of  the  citrate-insoluble  material.  He  also 
makes  a  comparison  of  the  official  method  with  the  citrate  and 
molybdate  methods,  as  applied  to  the  combined  filtrates  contain- 
ing the  citrate-soluble  and  water-soluble  phosphoric  acid.  The 
molybdate  method  yields  satisfactory  results. 
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Note  upon  the  Determination  of  Nitrogen  on  Fertilizers  Con- 
taining Nitrates.  By  F.  P.  Veitch.  /.  Am,  Chem,  Soc,  21, 
1094-1095. — The  author  describes  a  modification  of  the  Gun- 
ning method  (C/.  ^S*.  Dept.  Agr,,  Div.  Chem,,  Bull.  46)  slightly 
different  from  that  described  by  Fields  {this  Rev,,  3,  32).  The 
fertilizer  is  treated  with  the  mixture  of  sulphuric  and  salicylic 
acids  in  the  cold. 

Tlie  Determination  of  Grapliitic  Carlion  in  Cast  and  Pig 
iron.  By  Allen  P.  Ford  and  I.  M.  Bregowsky.  /.  Am, 
Chem.  Soc,  21,  1113-1115. — The  use  of  a  platinum  Gooch  filter 
instead  of  a  paper  filter,  and  of  hydrofluoric  acid  to  remove  the 
silica,  is  recommended  by  these  authors.  They  find  that  gra- 
phitic carbon  is  slowly  oxidized  by  nitric  acid  of  1.20  sp.  gr.  on 
boiling,  but  is  not  affected  by  acid  of  1.12  sp.  gr. 

W.  H.  Walkbr,  Rbvikwbr. 

Tlie  iodometric  Determination  of  Qold.  By  F.  A.  Gooch 
AND  F.  H.  MoRLEY.  Am,  J,  Sci,,  158,  261-266. — In  a  recent 
attempt  to  determine  small  quantities  of  gold  in  solution  by  al- 
lowing auric  chloride  to  react  with  potassium  iodide,  and 
titrating  the  iodine  liberated  with  sodium  thiosulphate,  Peterson 
{Zischr,  anorg,  Chem,,  19,  63)  found  that  one-half  more  thiosul- 
phate is  consumed  than  would  be  required  if  the  thiosulphate 
were  simply  converted  to  tetrathionate  in  the  usual  manner. 
The  authors  have  studied  this  reaction  and  find  no  evidence  of 
any  variation  from  the  usual  reaction  of  sodium  thiosulphate 
and  iodine.  The  reduction  of  the  auric  salt  and  the  consequent 
liberation  of  iodine  is,  however,  dependent  upon  the  volume  of 
the  solution,  the  mass  of  iodine  present,  and  the  time  of  action. 
By  using  one-thousandth  normal  solutions  the  process  is  made 
fairly  accurate. 

On  tlie  Volumetric  Estimation  of  Cerium.  By  Philip  E. 
Browning.  Am,  J,  Sci. ,  158,  45 1-459. — The  iodometric  method 
of  Bunseu  {Ann,  Chem,  (Liebig),  105,  49)  for  the  determination 
of  cerium  is  modified  in  that  a  glass-stoppered  bottle  is  used  in 
the  place  of  a  flask  with  the  neck  drawn  out  and  closed  by  heat. 
As  a  further  check  on  the  accuracy  of  the  method,  the  iodine  set 
free  by  the  reaction  of  cerium  dioxide  and  potassium  iodide  was 
distilled  from  a  retort  in  a  stream  of  carbon  dioxide  and  received 
in  a  solution  of  potassium  iodide.  The  results  obtained  by  both 
these  methods  are  very  satisfactory.  An  attempt  to  estimate 
cerium  dioxide  by  reduction  with  arsenious  acid  proved  unsatis- 
factory. The  statement  by  Stolba  {Ztschr,  anorg,  Chem,,  19, 
194)  that  cerium  could  be  estimated  in  the  same  manner  as  cal- 
cium oxalate,  by  oxidizing  the  precipitated  cerium  oxalate  with 
standard  potassium  permanganate  is  proved  correct. 
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On  the   Estimation  of  Tlialiium  as  the   Chromate.      By 

Phiup  E.  Browning  and  George  P.  Hutchins.  Am,  J, 
Sci,,  158,  460-462. — The  authors  have  repeated  the  work  of 
Baubigny  {Chem.  News,  641  239)  on  the  gravimetric  estimation 
of  thallium,  and  obtained  results  which  confirm  his  statements. 
Instead  of  weighing  the  thallium  chromate  precipitate,  the  thal- 
lium may  be  estimated  volumetrically  by  determining  the  amount 
of  chromate  in  the  filtrate  by  means  of  standard  solutions  of 
arsenious  acid  and  iodine,  and,  by  difference,  the  amount  of 
chromate  combined  with  the  thallium.  The  results  compare 
very  favorably  with  those  by  the  gravimetric  method. 

PROXIMATE  ANALYSIS. 
A.  G.  Woodman,  Reviewer. 

Directions  for  Certain  Allcaloidal  Assays.  By  H.  M.  Gor- 
DiN  AND  A.  B.  Prescott.  Am.  J.  Pharm.,  71,  462-473. — This 
paper  is  a  r6sum6  of  the  work  done  by  the  authors  on  the  extrac- 
tion of  alkaloids  and  their  volumetric  estimation  as  higher  per- 
iodides.  It  contains  the  directions  for  the  general  method  of 
alkaloidal  extraction  and  assay,  and  for  the  modification  of  the 
general  method  in  special  cases. 

Further  Worlc  upon  tlie  Estimation  of  Ailcaloids  and  the 
Assay  of  Allcaloidal  Drugs.  By  H.  M.  Gordin  and  A.  B. 
Prescott.  Am,  J.  Fharm,,  71,  514-525. — In  this  paper  the 
authors  present  some  of  the  experimental  data  upon  which  they 
have  based  their  methods  for  alkaloidal  assay,  discussing  the 
composition  and  properties  of  the  periodides  of  emetine  and  of 
hydrastine,  and  giving  directions  for  the  assay  of  hydrastis  and 
the  hot  extraction  of  opium.  A  table  is  appended  showing  the 
comparative  merits  of  the  gravimetric  and  the  iodometric 
methods  of  assay. 

A  Simple  Alkalimetric  Method  for  the  Estimation  of  Salt- 
forming  Alkaloids  with  the  Aid  of  Phenolphthalein  as  Indica- 
tor. By  H.  M.  Gordin.  Pharm,  Archives^  2,  313-318.— The 
direct  alkalimetric  estimation  of  alkaloids  is  in  many  cases  un- 
satisfactory, owing  to  the  fact  that  the  end-point  is  not  very 
sharp.  In  some  alkaloidal  salts  the  acid  acts  as  if  wholly  free, 
so  that  indicators  show  no  end-point  at  all  until  the  acid  used  is 
all  neutralized.  Often  it  is  necessary  to  make  the  titration  in  a 
solution  colored  by  non- alkaloidal  matter.  To  obviate  these 
difficulties  it  is  proposed  to  dissolve  the  alkaloid  in  an  excess  of 
standard  acid,  precipitate  the  alkaloid  by  some  neutral  alka- 
loidal reagent,  filter,  and  determine  the  free  acid  in  the  filtrate. 
As  there  is  no  alkaloid  in  the  filtrate  to  interfere  with  the  indi- 
cator,  phenolphthalein  can  be  used  with  satisfactory  results. 
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For  ordinary  cases  either  Mayer's  or  Wagner's  reagent  may  be 
used  as  a  precipitant.  Berberine  and  colchicine  cannot  be  esti- 
mated by  this  method. 

Modified  Assay   Process  for   Fluid   Extracts.      By  A.    B. 

Lyons.  Pharm.  Rev.,  17,  558-560. — For  the  extraction  of 
alkaloids  from  preparations  containing  much  tannin,  such  as 
fluid  extiact  of  cinchona  bark,  it  is  recommended  to  shake  a 
definite  volume  of  the  extract  with  a  dilute  alcoholic  solution  of 
ferric  chloride,  made  alkaline  with  ammonia.  The  mixture  is 
allowed  to  settle,  is  then  filtered,  and  an  aliquot  part  pf  it  is 
evaporated  with  dilute  hydrochloric  acid  to  drive  off  the  greater 
part  of  the  alcohol ;  the  acid  solution  is  then  shaken  with  ether 
to  remove  the  fats  and  waxes.  Finally  the  solution  is  made 
alkaline  with  ammonia,  and  shaken  out  with  ether,  as  usual. 
The  results  obtained  are  satisfactory.  If  desired,  a  solution  of 
basic  lead  acetate  may  be  substituted  for  the  ferric  chloride. 

A  Note  on  tlie  Assay  of  Opium.  By  William  R.  Lamar. 
Am,  J,  Pharm.,  72,  36-39. — The  author  has  modified  the  U.  S. 
P.  method  for  the  assay  of  opium  by  increasing  the  amount  of 
alcohol  which  is  added  to  the  aqueous  extract  of  the  opium,  in 
this  way  getting  rid  of  the  objectionable  matters  in  solution. 

On  Acetic  Acid  as  a  Substitute  for  Ethyl  Alcohol  in  Extract- 
ing the  Active  Principles  of  Some  Officinal  Drugs.  By  Edward 
R.  Squibb.  Am.  J.  Pharm.,  72, 1-9. — In  this  paper,  which  is  the 
third  in  the  series,  the  author  presents  the  resuhs  of  further  ex- 
perience in  the  use  of  acetic  acid  as  a  menstruum,  and  gives  in 
detail  the  procedure  for  the  assay  of  belladonna  root. 

The  Phenylhydrazine  Test  for  Sugar  in  the  Urine.     By  I.  H. 

CoRiAT.  Boston  Medical  and  Surgical  J.,  141,  518-519. — The 
author  has  studied  the  phenylhydrazine  test  for  sugar  with  especial 
reference  to  the  examination  of  urine,  and  finds  that  substances 
that  interfere  with  Fehling's  or  Nylander's  reagents  do  not  in- 
terfere in  any  way  with  this  test.  It  is  not  necessary  to  remove 
albumin,  and  the  various  sugars  can  be  recognized  by  their 
crystalline  forms  and  melting-points.  The  limit  of  delicacy  of 
the  test  is  about  one  part  in  10,000. 

Lemon  Flavoring  Extract  and  Its  Substitutes.      By  A.  S. 

Mitchell.  /.  Am.  Chem.  Soc,  21,  1132-1137. — The  author 
describes  the  methods  which  he  has  found  most  satisfactory  in 
the  examination  of  lemon  extract.  In  the  absence  of  sugar  the 
oil  of  lemon  is  readily  estimated  by  polarizing  the  extract  in  a 
200  mm.  tube  and  dividing  the  result  in  degrees  by  3.4.  The 
oil  may  also  be  separated  by  the  centrifugal  machine  and  meas- 
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ured  in  an  ordinary  Babcock  skim-milk  bottle.  Tests  for 
various  minor  adulterants  are  described  and  a  table  is  given 
showing  the  results  of  examination  of  several  characteristic  ex- 
tracts. 

On  Rapid  Methods  for  the  Estimation  of  the  Weight  of  Sus- 
pended Matters  in  Turbid  Waters.  By  Chari<ks  L.  Parmb- 
LEE  AND  Joseph  W.  Ellms.  Tech.  Quart, ^  la,  145-164. — 
Many  of  the  surface  waters  of  the  central  and  western  parts  of 
the  United  States  contain  such  quantities  of  suspended  matters, 
mainly  .clay,  that  this  question  becomes  one  of  considerable  im- 
portance. The  standard  method  of  estimation  of  the  suspended 
material  is  a  gravimetric  one.  In  order  to  secure  a  more  rapid 
method,  comparative  trials  of  the  following  methods  were  made 
on  Ohio  river  water :  ( i )  The  water  was  compared  with  stand- 
ards containing  known  amounts  of  suspended  matter;  (2)  the 
amount  of  light  which  is  absorbed  in  its  passage  through  the 
water  was  measured  directly  ;  (3)  determinations  were  made  of 
the  vanishing-depth  of  a  bright  wire ;  (4)  a  method  was  em- 
ployed based  on  the  use  of  the  diaphanometer.  This  instrument 
consists  essentially  of  a  tube  with  a  transparent  diaphragm  at 
the  lower  end.  Light  is  reflected  up  through  the  tube,  water 
being  admitted  until  an  image  painted  on  the  diaphragm  just 
disappears.  The  results  of  a  number  of  experiments  show  that 
by  the  use  of  standard  clay  solutions  reasonably  close  estima- 
tions can  be  made  when  the  suspended  matters  amount  to  less 
than  25  parts  per  million.  When  the  water  contains  more  than 
this  quantity  of  suspended  matter,  the  diaphanometer  method 
gives  results  which  agree  fairly  well  with  the  gravimetric  esti- 
mations. Greater  variations  in  the  character  of  the  suspended 
particles  is  found  to  increase  the  error  in  the  use  of  any  of  the 
rapid  methods. 

Silica  Standards  for  the  Determination  of  Turbidity  in 
Water.  By  George  C.  Whippi^e  and  Daniei*  D.  Jackson. 
Tech,  Quart,,  12,  283-287. — The  authors  have  substituted  silica 
from  diatomaceous  earth  for  the  kaolin  previously  used,  and  get 
a  uniformity  of  results  which,  taken  in  connection  with  its  ease 
of  use,  lead  them  to  recommend  it. 

p.  H.  Thorp,  Rbvibwbk. 

Notes  on  the  Analysis  of  Dynamite  and  Qelatine-Dynamite. 

By  F.  W.  Smith.  /.  Am,  Chem.  Soc,  21,  425-431. — Typical 
analyses  of  a  dynamite  and  of  a  gelatine-dynamite,  with  notes 
and  precautions,  are  given  in  detail.  Also  various  notes  on  the 
use  of  the  nitrometer,  its  standardizing  by  the  use  of  potassium 
nitrate,  testing  for  leaky  stop-cocks,  etc.,  are  communicated. 
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Tannin  Determination — Estimation  of  Reds  witliout  the  Use 
of  Filter-paper.  ByJ.N.  Hurty.  Leather  Manufacturer,  lo^^^.— 
Two  methods  were  tried.  First,  simple  filtration  through  ignited 
asbestos  in  a  Gooch  crucible  was  used.  Second,  the  material  was 
subjected  to  treatment  in  a  centrifugal  machine  running  2000 
revolutions  per  minute,  for  30  minutes,  to  separate  the  reds  in 
the  extract.  With  chestnut-oak  extract,  an  addition  of  barium 
sulphate  is  necessary,  to  cause  complete  precipitation  of  the  reds. 
Test  analyses  of  quebracho,  chestnut-oak  extract,  and  spent  tan 
(oak  bark)  are  given,  and  compared  with  the  results  obtained  by 
filtering  through  paper.  It  is  concluded  that  neither  asbestos 
nor  barium  sulphate  absorbs  tannin. 

A.  H.  Gill,  Review br. 

The  Determination  of  Cari>on  ilonoxide,  flethane,  and  Hy- 
drogen  by  Combustion.  By  L.  M.  Dennis  and  C.  G.  Hop- 
kins, y.  Am.  Chem,  Soc,  21,  398-410.-*— The  apparatus  em- 
ployed is  a  modified  Winkler  grisoumeter,  with  an  adjustable 
leveling  bulb,  using  mercury  as  the  confining  liquid.  The  gas 
to  be  determined  is  introduced  into  the  grisoumeter,  the  spiral 
brought  to  a  suitable  temperature,  and  a  quantity  of  oxygen 
more  than  sufficient  to  bum  it  passed  in  at  a  rate  not  exceeding 
20  cc.  per  minute.  The  combustion  takes  place  quietly  and 
without  the  appearance  of  a  flame.  The  results  upon  the  single 
gases  were  correct  within  o.  i  per  cent. ,  and  upon  mixtures  within 
0.1-0.2  per  cent.  The  apparatus  is  simple  and  easy  of  construc- 
tion and  manipulation,  and  will  be  welcomed  by  all  having  oc- 
casion to  make  gas  analyses. 

The  Preservation  of  Hiibl's  Reagent.  By  R.  Boi^ung. 
Am.  Chem.f.,  22,  213-214. — The  results  indicate  that  the  alter- 
ation in  the  solution  is  rapid,  and  is  retarded  but  slightly  by  the 
use  of  absolute  alcohol  or  by  the  exclusion  of  air  and  light. 

J.  p.  N0RRI8,  Reviewer. 

The  Valuation  of  Saccharin.  By  K.  Emmbt  Rbid.  Am. 
Chem.  /.,  21,  461-471. — The  amount  of  saccharin  in  a  commer- 
cial sample,  which  always  contains  /-sulphaminebenzoic  acid, 
can  be  determined  by  saponifying  the  benzoic  sulphinide  and 
estimating  the  ammonia  formed.  The  saponification  is  effected 
by  heating  at  100*^  for  several  hours  with  71  per  cent,  sulphuric 
acid,"  or  by  boiling  with  dilute  hydrochloric  acid  under  definite 
conditions.  The  latter  method  gives  more  trustworthy  results, 
as  sulphuric  acid  causes  a  slight  decomposition  of  the  sulpha- 
mine  acid.  The  methods  of  analysis  were  applied  with  excellent 
results  to  a  number  of  samples  of  commercial  saccharine  and  to 
mixtures  of  known   composition.     Boiling  sodium   hydroxide 
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solution  readily  converts  benzoic  sulphinide  into  the  sodium  salt 
of  <?-sulphaminebenzoic  acid,  but  does  not  break  this  acid  down. 
This  fact  renders  a  determination  of  saccharine  in  the  presence 
of  ammonium  salts  possible.  The  nitrogen  in  /-sulphamineben- 
zoic  acid  was  determined  by  heating  the  acid  with  concentrated 
sulphuric  acid  at  230°-26o'',  making  alkaline,  and  titrating  the 
ammonia  set  free. 

Hydrastine  Hexaiodide,  and  the  Assay  of  Hydrastis  Canaden- 
sisy  by  rieans  of  Standard  Iodine  for  Hydrastine  and  of  Stand- 
ard Potassium  iodide  for  Berl>erine.  By  H.  M.  Gordin  and 
A.  B.  Prescott.  /.  Am,  Chem.  Soc,  21,  732-741 ;  Am.  /. 
Pharm.,  7X,  257-267. — When  a  dilute  solution  of  hydrastine  is 
added  to  a  large  excess  of  a  solution  of  iodine  in  potassium 
iodide  a  hexaiodide  is  precipitated.  By  determining  the  excess 
of  iodine  the  amount  of  the  alkaloid  can  be  estimated.  If  iodine 
is  added  to  a  solution  of  hydrastine,  a  triiodide  is  formed.  Berr 
berine  is  quantitatively  precipitated  by  potassium  iodide.  A 
detailed  account  of  the  assay  of  hydrastis  canadensis  is  given. 
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p.  H.  Thorp,  Rbvibwkr. 

Action  of  a  Hard  Water  on  Certain  Metals.  By  Jas.  Lewis 
Howe  and  J.  L.  Morrison.  /.  Am.  Chem.  Soc,  21,  422-425. 
— The  experiments  of  the  authors  show  that  hard  water  contain- 
ing an  excess  of  carbon  dioxide  and  considerable  magnesia,  acts 
readily  upon  zinc,  corrodes  brass,  and  attacks  lead  ;  but  that  alu- 
minum is  not  attacked,  and  in  the  absence  of  air  iron  is  only 
slightly  dissolved. 

Qlass-malcing  in  tlie  United  States.  By  Robert  Linton. 
Eng,  Min.  /.,  68,  454. — Having  described  briefly  the  methods 
and  materials  used  in  glass-making,  the  writer  gives  calcula- 
tions of  the  cost  of  plate,  window,  flint,  and  bottle  glass-making, 
comparing  with  these  the  cost  of  glass-making  in  Germany.  A 
noticeable  variation  between  the  costs  of  fuel  and  labor  in  the 
two  countries  is  shown.  An  interesting  review  of  the  progress 
of  the  industry  in  this  country  is  included,  and  It  appears  that 
machines  are  being  rapidly  introduced  for  making  fruit-jars, 
lamp  chimneys,  and  similar  articles,  thus  replacing  the  costly 
manual  labor.  Continuous  tank  furnaces  are  displacing  the  old 
pot  furnaces,  and  automatic  weighing  and  mixing  machines  are 
replacing  the  often  careless  **  boss  mixer.'*  For  fuel,  gas  is  al- 
most universally  used ;  natural  gas  still  plays  an  important 
though  steadily  diminishing  part,  while  producer  gas,  although 
more  troublesome  to  use  than  natural  gas,  has  steadily  replaced 
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coal.  Oil  is  mainly  employed  for  secondary  furnaces,  as  reheat- 
ing and  flattening  ovens,  etc.  Several  analyses  of  materials  and 
different  varieties  of  glass  are  given. 

ilanufacture  of  Sodium  Nitrite.  By  M.  A.  Darbon.  Am, 
Gas  Light/,,  8i,  575. — Purified  sodium  nitrate  is  melted  in  large 
cast-iron  vessels,  thus  evaporating  hygroscopic  water  and  de- 
composing iodates,  etc.  The  nitrate  fuses  at  310°  C.  and  the 
temperature  is  raised  to  400**-420**  C.  before  adding  any  lead. 
The  lead  must  be  pure  and  free  from  other  metals,  especially 
antimony.  It  is  made  into  thin  sheets,  and  280  parts  of  lead  are 
used  for  each  100  parts  of  sodium  nitrate.  The  lead  is  gradually 
added  while  stirring  constantly.  The  charge  must  not  be  over- 
heated, or  the  vessel  will  be  rapidly  destroyed.  The  tempera- 
ture is  kept  down  by  adding  cold  nitrate,  if  necessary,  or  by 
drawing  the  fire.  After  all  lead  is  added,  stirring  is  continued 
for  some  time,  and  then  the  charge  is  ladled  out  into  cold  water, 
being  poured  in  a  fine  stream  while  stirring  constantly.  By  the 
decomposition  of  the  sodium  nitrate  some  caustic  soda  is  formed, 
which  dissolves  some  of  the  lead  oxide  formed.  The  whole 
solution  is  therefore  neutralized  with  nitric  acid,  which  precipi- 
tates lead  hydroxide  and  forms  some  sodium  nitrate.  Lead  ni- 
trate or  sulpnuric  acid  may  also  be  used  for  this  neutralizing,  but 
the  latter  forms  sodium  sulphate,  which  separates  as  anhydrous 
salt  in  the  concentration  vessels.  The  aqueous  solution  thus 
contains  nitrite,  unchanged  nitrate,  caustic  soda  holding  lead 
oxide  in  solution,  and  all  soluble  impurities.  The  insoluble 
residue  is  made  up  of  metallic  lead,  litharge,  and  lead  peroxide. 
The  solution  is  diluted  to  6°-8°  B6.  before  neutralizing  with  nitric 
acid,  and  this  is  added  as  long  as  a  precipitate  continues  to  fall. 
Sodium  nitrite  has  a  neutral  reaction,  and  the  commercial  product 
should  not  show  an  alkaline  reaction.  The  solution  is  decanted 
and  evaporated  in  iron  pans  to  42°-45''  B6,  measured  in  the  hot 
liquor,  and  then  cooled  and  allowed  to  crystallize.  The  pure 
crystals  are  recrystallized,  and  the  pure  crystals  **  cen trifled," 
washed,  dried  at  50°  C,  and  packed.  A  method  of  titrating  ni- 
trite solution  with  standardized  permanganate  solution  is  ex- 
plained. 

A.  G.  Woodman,  Reviewer. 

Tlie  Comparative  Value  of  Certain  Reagents  for  Removing 
Lime  and  flagnesia  from  Natural  Waters  for  Industrial  Uses. 

By  Martin  L.  Griffin.  J,  Am,  Chem,  Soc,  21,  665-678. — 
The  reagents  used  as  coagulants  were  sodium  hydroxide,  sodium 
phosphate,  sodium  fluoride,  sodium  aluminate,  and  barium  hy- 
droxide. These  were  tried  on  simple  calcium  and  magnesium 
solutions  and  also  on  natural  waters.     While  no  one  reagent 
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was  found  to  be  best  in  all  cases,  sodium  hydroxide  gave  the 
best  results  with  the  majority  of  waters.  Sodium  fluoride  is  to 
be  preferred  for  waters  containing  calcium  sulphate  and  chlo- 
ride, while  barium  hydroxide  is  most  serviceable  in  the  treat- 
ment of  acid  mine  waters. 

The  Ens^ineerins:  Chemistry  of  Boiler  Waters.  By  Henry 
Lepfmann.  Am,  Gas  Light  J,,  69,  416-418. — This  paper  is  a 
discussion  of  the  causes  of  corrosion  and  scale- forming  in  boilers 
and  of  various  methods  for  preventing  this. 

A.  H.  Gill,  Revibwbr. 

Chemical   Analysis  of  Wyoming:  Petroleum.      By  £.   £. 

Si^ossoN.  School  of  Mines,  Univ.  IVyo,,  Bull,  3,  26-31. — The 
three  petroleums  examined  are  all  very  heavy,  having  a  specific 
gravity  of  0.915-0.935  and  a  flash  of  i23°-i34°  C.  No  consider- 
able quantity  of  oil  will  volatilize  under  270°  C,  at  which  tem- 
perature it  cracks,  giving  light  and  heavy  products.  On  redis- 
tillation the  oils  break  up  still  further  into  undesirable  mixtures. 
The  crude  petroleum  is  a  better  lubricant  than  any  products  ob- 
tained from  it.  The  three  samples  contained  0.3,  o.i  per  cent, 
and  no  sulphur,  respectively. 

E.  H.  Richards,  Rbvibwbr. 

The  Quality  of  the  Boiler  Water  Supply  of  a  Portion  of 
Northern  Illinois.  By  James  A.  Carney.  Trans,  Am,  Inst, 
Min,  Eng,^  27,  130-139. — This  paper  is  a  contribution  to  the 
solution  of  the  problem  of  the  best  feed  water  for  locomotive 
boilers.  Thirty-eight  samples  were  taken  from  the  possible 
sources  of  supply  along  the  C.  B.  &  Q.  R.  R.  between  Chicago 
and  Burlington,  a  distance  of  about  200  miles.  The  average  of 
the  three  classes  of  water  is  given  in  grains  per  U.  S.  gallon. 
The  total  solids  in  the  surface  waters  were  16.62,  in  the  shallow 
wells  37.99.  and  in  the  deep  waters  72.11  grains,  while  the  in- 
crusting  solids  were  14.8S,  35.09,  and  23.30,  respectively,  for  the 
three  classes  of  waters.  Surface  waters  are  recommended  wher- 
ever practicable,  as  containing  not  only  less  incrusting  solids  but 
less  sodium  salts,  which,  if  present  in  any  quantity,  give  rise  to 
**  foaming.** 
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A.  G.  Woodman,  Rkviewbr. 

Asterionella :  Its  Biology,  Its  Chemistry,  and  Its  Effect  on 
Water  Supplies.  By  George  C.  Whippi^e  and  D.  D.  Jack- 
son. J,  N,  E.  Water  Works  Assoc,  14,  1-23. — Having  been 
enabled  to  collect  Asterionella  quite  pure  and  in  considerable 
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quantities,  the  authors  have  made  a  complete  analysis  of  it.  The 
most  striking  feature  of  the  analytical  results  is  the  high  per- 
centage of  mineral  matter,  amounting  to  57.52  per  cent,  of  the 
dry  weight  of  the  organism  ;  49.48  per  cent,  of  the  dry  weight 
is  silica,  which  forms  the  cell  wall.  The  authors  have  calcula- 
ted the  amount  of  certain  materials,  such  as  silica  and  manga- 
nese, which  a  water  must  contain  in  order  to  admit  of  the  growth 
of  the  organism,  basing  their  calculation  on  the  weight  of  an 
Asterionella  cell.  In  order  to  check  the  growth  of  the  organism, 
it  is  recommended  to  limit  the  supply  of  available  food  material, 
especially  of  silica,  manganese,  iron,  and  nitrates. 

The  Amount  of  Humus  in  Soils  and  the  Percentage  of  Nitro- 
gen in  the  Humus,  as  Affected  by  Applications  of  Air-slaked 
Lime  and  Certain  Other  Substances.  By  H.  J.  Whebi^er,  C. 
L.  Sargent,  and  B.  L.  Hartwei.1..  /.  Am,  Chem,  Soc,  21, 
1032-1037. — The  authors  have  carried  out  experiments  on  the 
effect  of  various  fertilizing  materials  on  the  amount  of  humus  in 
soils.  They  find  that,  without  exception,  the  addition  of  air- 
slaked  lime  or  gypsum  lowers  the  total  amount  of  humus,  but 
that  the  percentage  of  nitrogen  in  the  humus  is  increased.  When 
sodium  nitrate  was  applied  without  the  use  of  lime,  the  percent- 
age of  humus  and  of  nitrogdn  reached  a  maximum. 

A  Contribution  to  the  Chemistry  of  Butter-fat.  11.  The 
Chemical  Composition  of  Butter-fat.  111.  The  Chemistry  of 
Rancidity  in  Butter-fat.  By  C.  A.  Browne,  Jr.  /.  Am,  Chem, 
Soc.y  21,  807-827;  975-994. — II.  By  methods  involving  frac- 
tional precipitation  of  the  insoluble  acids  from  alcohol,  and  solu- 
tion of  the  soluble  acids  in  water  at  different  temperatures,  the 
author  has  made  a  complete  analysis  of  butter-fat  with  the  fol- 
lowing results : 

Per  cent,  of 
Acid.  Percent,  of  acid.  trigrlycerides. 

Dioxystearic i.oo  1.04 

Oleic 32.50  33.95 

Stearic 1.83  1.91 

Palmitic 38.61  40.51 

Myristic 9.89  10.44 

Laurie 2.57  2.73 

Capric 0.32  0.34 

Caprylic 0.49  0.53 

Caproic 2.09  2.32 

Butyric 5.45  6. 23 

« 

Total 94-75  100.00 

III.  The  three  factors  most  active  in  the  production  of  ran- 
cidity in  fats  are  openness  to  air,  exposure  to  light,  and  degree 
of  warmth.  One  of  the  chief  changes  produced  consists  in  the 
decomposition  of  the  oleic  acid,  which  is  partly  broken  down 
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into  compounds  having  an  aldehydic  nature,  as  well  as  into 
lower  oxy-acids.  Another  marked  effect  of  rancidity  upon  fats 
is  in  the  marked  decrease  in  the  heat  of  combustion. 

Notes  on  Testing  Soils  for  Application  of  Commercial  Fer- 
tiliaEers.  By  H.  A.  Weber.  /.  Am,  Chem,  Soc,  21,  1095-1099. 
— Small  samples  of  soils  of  about  five  kilograms  each  are  mixed 
with  various  fertilizers.  Several  seeds  of  different  kinds  of  grain 
are  added  to  each  sample,  and  the  differences  in  the  growth  and 
condition  of  the  plants  noted  from  time  to  time.  From  the  re- 
sults of  this  simple  test  the  needs  of  the  particular  soil  can  be 
readily  learned. 

Studies  on  Bread  and  Bread-making.  By  Harry  Snyder 
AND  L.  A.  VooRHEES.  U.  S.  DepL  Agr,,  Expt,  Sta.  BuU,  67, 
1-5 1. — Among  the  more  important  changes  which  have  been 
found  to  take  place  in  baking  bread  the  following  may  be  noted  : 
(i)  The  starch  undergoes  both  physical  and  chemical  changes. 
From  3  to  4  per  cent,  of  soluble  carbohydrates  are  found  in 
bread,  showing  that  less  than  eight  per  cent,  of  the  total  starch 
is  rendered  soluble.  (2)  The  amount  of  water-soluble  proteid 
which  is  formed  depends  upon  the  degree  of  acidity  of  the  dough. 
(3)  The  physical  properties  of  bread  are  determined  largely  by 
the  expansive  power  of  the  gluten  of  the  flour.  (4)  At  high 
temperatures  there  is  a  partial  volatilization  of  the  vegetable  fat 
in  bread,  especially  when  escaping  water  vapor  is  present ;  and, 
furthermore,  an  oxidation  of  residual  organic  matter  takes  place. 
When  an  animal  fat  is  added  there  seems  to  be  an  occlusion  of 
fat,  probably  due  to  the  formation  of  dextrin. 

A  Description  of  Some  Chinese  Vegetable  Food  Materials 
and  Their  Nutritive  and  Economic  Value.  By  Wai^ter  C. 
Bi^ASDALE.  U.  S.  Dept,  Agr.,  Expt,  Sta,  Bull,  68,  1-48.— A 
number  of  species  of  Chinese  vegetables,  as  found  in  the  San 
Francisco  market,  amounting  to  about  50  varieties  in  all,  were 
collected,  identified  botanically,  and  in  most  cases  submitted  to 
chemical  analysis.  The  analytical  methods  employed  were,  in 
the  main,  the  official  ones.  The  results  which  are  given  add 
much  to  our  knowledge  of  the  chemical  composition  of  Chinese 
food  materials. 

Commercial  Fertilizers.  N,  /.  Agr,  Exp,  Sta.,  Bull.  139, 
1-59 ;  ^^-  Agr,  Expt,  Sta.y  Bull,  53,  57-70 ;  -A^.  V,  Agr.  Expt, 
Sta,,  Bull.  160,  63-151. 

On  Nitrites  as  a  Product  of  Combustion.  By  Edward  W. 
AxsoN.  Tech.  Quart,,  12,  219-225. — The  author  has  made 
quantitative  experiments  on  the  amount  of  nitrites  formed  dur- 
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ing  combustion  and  in  breathing,  in  order  to  determine  the  best 
conditions  for  absorption  and  the  comparative  amounts  of  nitrite 
obtained  from  various  sources.  'A  test  .was  also  made  of  the 
physiological'efEects  of  breathing  air  high  in  nitrites. 

The  Action  of  Hepatic,  Renal,  and  Other  Cells  on  Phenol  and 
Indol,  under  Normal  and  Pathological  Conditions.    By  C.  A. 

Herter  and  a.  J.  Wakeman.  /.  Expt,  Medicine,  4,  307-326. 
— In  this  study  of  the  natural  defenses  of  the  organism  against 
injury  through  chemical  agencies  indol  and  phenol  were  selected 
for  use,  because  they  are  normal  products  of  proteid  cleavage  in 
the  intestine,  and  are  often  found  in  abnormal  quantities  in  the 
course  of  digestive  derangement.  In  the  **  contact"  method  of 
study  the  organs  of  healthy  rabbits  were  chopped  into  fine  bits, 
and  a  definite  weight  brought  into  contact  with  weak  solutions 
of  phenol  and  indol.  After  some  time  the  mixture  was  distilled, 
and  the  presence  of  phenol  and  indol  shown  in  the  distillate  by 
color  reactions.  In  the  **  infusion'*  method  intravenous  injec- 
tions were  made  of  solutions  of  phenol  and  indol.  In  general, 
the  order  of  activity  of  the  cells  was  found  to  be  liver,  kidney, 
muscle,  brain,  and  blood.  Only  in  the  case  of  the  liver  was  it 
possible  to  get  satisfactory  results  under  pathological  conditions. 
The  prolonged  action  of  chloroform  and  of  ether  decreased  the 
power  of  the  liver  cells  in  the  conversion  of  phenol  and  indol. 
Alcohol  was  found  to  be  without  appreciable  effect.  From  these 
and  further  experiments  with  a  number  of  poisons  the  conclusion 
is  drawn  that  no  pathological  conditions  which  can  be  induced 
in  the  liver  during  life  are  capable  of  destroying  or  limiting  the 
activity  of  its  cells  in  causing  the  conversion  of  phenol  and  indol. 

The  Relation  of  Dextrose  to  the  Production  of  Toxin  in 
Bouillon  Cultures  of  the  Diphtheria  iku:illus.  By  Theo- 
bald Smith.  /.  Expt,  Medicine^  4,  373-397. — The  author  has 
found  that  contrary  to  the  usual  ideas  dextrose  is  not  in  itself 
inimical  to  toxin  production,  but  that  a  certain  amount  of  it  is 
necessary  for  abundant  toxin  accumulation.  If  added  in  quan- 
tities not  greater  than  0.2  per  cent,  to  peptone  bouillon  freed 
from  fermentable  acid-producing  substances,  it  leads  to  the  max- 
imum accu^mulation  of  toxin  by  utilizing  the  available  peptone 
to  the  best  advantage.  The  lesser  yield  of  toxin  in  ordinary  un- 
fermented  peptone  bouillon  containing  muscle  sugar  may  be  ex- 
plained by  the  assumption  that  the  acid  products  of  muscle  sugar 
are  different  from  those  of  dextrose  and  non-utilizable,  or  else 
that  the  bouillon  contains  unknown  inhibitory  substances  re- 
moved during  fermentation. 

The  Origin  of  Fat  from  Protein  in  the  So-called  Fatty 
iletamorphosis    of     Phosphorus    Poisoning.       By    Ai«onzo 
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EnglebkrT  TAYI.OR.  /.  Expt,  Medicine^  4»  399-407. — In  this 
study  of  fatty  degeneration  a  certain  number  of  frogs,  all  of  the 
same  sex,  of  approximately  the  same  weight,  selected  at  the 
same  time,  and  kept  awake  and  without  food  for  the  same 
period,  were  divided  into  equal  groups.  One- half  of  the  number 
were  poisoned  with  phosphorus,  the  other  half  formed  a  control 
group.  The  dried  residue  of  the  poisoned  frogs  weighed  16.5 
per  cent,  less  than  that  of  the  control  group ;  it  contained  18.45 
per  cent,  less  protein,  22.64  per  cent,  less  fat,  and  about  13.3 
per  cent,  less  glycogen.  While  these  results  differ  from  those 
of  other  investigators,  it  is  felt  that  the  more  rigid  conditions 
obtaining  in  the  present  study  render  the  conclusion  that  no  fat 
is  produced  from  protein  the  more  probable  one. 

Experiments  on  the  Conservation  of  Energy  in  tiie 
Human  Body.  By  W.  O.  Atwater  and  E.  B.  Rosa.  £/.  S. 
Dept.  Agr.y  Expt,  Sta.  Bull,  63,  74-94  ;  Phys.  Rev,,  9,  238-251. 
— The  authors  describe  one  or  two  of  the  earlier  experiments 
made  on  men  with  their  modified  form  of  respiration  calorimeter. 
They  find  a  fairly  close  correspondence  between  the  estimated 
income  and  the  measured  outgo  of  energy,  the  difference  being 
practically  less  than  the  limits  of  experimental  error.  The  ex- 
periments, in  general,  demonstrate  the  applicability  of  the  law 
of  the  conservation  of  energy  to  the  human  organism. 

Experiments  on  tlie  Metabolism  of  Matter  and  Energy  in 
the  Human  Body.  By  W.  O.  Atwater  and  F.  G.  Benedict. 
U.  S.  Dept  Agr,,  ExpL  Sta.,Bull.  69,  1-112.— This  bulletin 
contains  detailed  descriptions  of  six  experiments  made  on  the 
metabolism  of  matter  and  energy  in  human  subjects  by  the  use 
of  a  respiration  calorimeter.  Various  improvements  in  the 
methods  of  sampling  the  food  materials  used  and  in  the  methods 
of  examination  of  the  waste  materials  are  described.  The  accu- 
racy of  the  apparatus  and  of  the  methods  for  the  determination 
of  carbon  dioxide,  water,  and  heat  was  tested  with  an  electric 
current,  by  which  known  amounts  of  heat  were  produced  in  the 
chamber  of  the  apparatus,  and  by  burning  alcohol  in  the  cham- 
ber, thus  producing  known  amounts  of  carbon  dioxide,  water, 
and  heat. 

Th«  Influence  of  the  Presence  of  Pure  Metals  upon  Plants. 

By  Edwin  B.  Copeland  and  Louis  Kahi^enberg.  •  Trans. 
Wis.  Acad.  Sciences,  Arts,  and  Letters,  22,  454-474. — Nageli 
concluded  from  a  study  of  this  subject  that  pure  water  is  harm- 
less, but  that  various  metals  in  infinitesimal  quantities  are  deadly. 
He  was  convinced  that  the  injury  done  to  the  plant  was  of  a 
different  nature  from  ordinary  poisoning  and  proposed  for  the 
new  phenomenon  the  name  of  **  Oligodynamic  effects.**     The 
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authors  do  not  accept  this  explanation,  but  consider  the  result  to 
be  due  to  the  presence  of  metallic  salts  formed  by  the  action  of 
the  oxygen  or  the  carbonic  acid  of  the  water  or  of  the  water 
itself.  In  stud5nng  this  question,  a  number  of  experiments  have 
been  carried  out  in  glass  beakers  coated  with  paraf&n  to  remove 
the  disturbing  influence  of  the  glass.  The  metals  were  used 
where  possible,  in  the  form  of  foil,  in  order  to  expose  a  large 
surface  ;  the  seedlings  used  were  average  plants  selected  from  a 
large  number.  At  the  beginning  of  the  experiment  a  mark  was 
made  lo  mm.  from  the  apex  of  the  root  and  the  excess  in  length 
of  these  spaces  over  the  original  was  noted  daily.  The  condition 
of  the  metals  was  also  observed  at  the  end  of  the  experiment. 
The  injury  to  the  plant  was  found  to  depend  largely  upon  two 
factors ;  namely,  on  the  tendency  of  the  metal  to  go  into  solution 
as  a  chemical  compound  or  salt,  and  on  the  specific  toxicity  of  the 
metal  when,  in  solution  in  the  form  of  such  salts.  In  regard  to 
the  first  factor,  it  was  found  that  the  relative  power  of  those 
metals  in  causing  injury  was  closely  related  to  the  magnitude  of 
their  solution  tension  ;  concerning  the  second,  it  was  found  that 
in  general  those  metals  poison  plants  when  present  in  water 
whose  salts  are  already  known  to  be  toxic. 

On  the  Excretion  of  Kynurenic  Acid.  By  Lapaybttb  6. 
Mendel  and  Holmes  C.  Jackson.  Am,  /.  Physiology^  2, 
1-28. — Kynurenic  acid  is,  with  only  one  exception,  the  only 
quinoline  compound  discovered  in  connection  with  the  animal 
body.  The  object  of  the  authors  was  to  study  the  conditions 
which  determine  and  modify  the  production  and  excretion  of 
kynurenic  acid.  Experiments  were  made  on  dogs  which  were 
fed  on  definite  quantities  of  food,  the  excreted  nitrogen  and 
kynurenic  acid  being  determined  by  analysis.  The  results  ob- 
tained indicate  that  kynurenic  acid  excretion  accompanies  ac- 
celerated proteid  decomposition  and  is  directly  dependent  on  the 
proteid  katabolism.  Similar  results  are  given  by  the  ingestion 
of  both  animal  and  vegetable  proteids  as  well  as  proteoses,  but 
gelatin,  like  the  carbohydrates,  does  not  give  rise  to  kynurenic 
acid  in  metabolism.  Under  the  influence  of  foods  lacking  in 
protein  the  kynurenic  acid  excretion  is  greatly  diminished  or 
absent.  Kynurenic  acid  has  not  been  found  in  the  urine  of  any 
animal  other  than  the  dog. 

The  Origin  of  Fibrinogen.  By  Albert  Mathews.  Am, 
J.  Physiology^  3,  53-85. — It  is  shown  by  a  number  of  experiments 
that  after  defibrination  of  the  blood  of  cats  the  fibrinogen  is  rapidly 
re-formed,  the  amount  becoming  normal  again  in  two  or  three  days. 
This  re-formation  of  the  fibrinogen  takes  place  in  the  absence  of 
the  spleen,  pancreas,  kidneys,  reproductive  organs  or  brain,  but 
does  not  take  place  to  any  appreciable  extent  if  the  small  and  large 
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intestines  be  removed.  The  paraglobulin  of  the  blood  is  not  con- 
verted into  fibrinogen  outside  the  body  nor  by  the  skin  or  more 
remote  tissues.  The  blood  of  the  inferior  vena  cava  both  above 
and  below  the  kidneys  is  poorer  in  fibrinogen  than  is  the  carotid 
blood ,  while  the  blood  of  the  mesenteric  vein  is  constantly  some- 
what richer  in  fibrinogen  than  is  the  arterial  blood.  Fibrinogen 
is  not  derived  directly  from  the  proteid  constituents  of  food,  since 
it  is  readily  re-formed  after  six  to  ten  days*  fasting  ;  the  fibrino- 
gen content  of  the  blood  does  not  diminish  during  fasting.  If, 
however,  leucocytosis  be  prolonged  for  several  days  the  fibrino- 
gen content  of  the  blood  increases.  These  various  observations 
point  to  the  decomposing  leucocytes  of  the  blood,  and  chiefly 
those  of  the  intestinal  area,  as  being  the  source  of  the  fibrinogen 
of  the  blood,  although  it  is  hardly  possible  as  yet  to  regard  the 
evidence  as  conclusive. 

On  netabolism  during  a  Combination  of  Phosphorus  Poi- 
soning and  Phlorhizon  Diabetes.  By  W.  £.  Ray,  T.  S.  Mc- 
Dbrmott,  and  Graham  Lusk.  Am.  J,  Physiology,  3,  139-155. 
— In  dogs  diabetic  with  phlorhizin  phosphorus  poisoning  does 
not  cause  any  noteworthy  increase  in  proteid  metabolism  or 
change  the  sugar  excretion  ;  in  dogs  poisoned  with  phosphorus, 
however,  the  administration  of  phlorhizin  brings  about  not  only 
the  usual  preliminary  sweeping  out  of  the  body  sugars  and  the 
establishment  of  the  customary  ratio  between  urinary  dextrose 
and  nitrogen,  but  also  causes  an  increase  in  proteid  metabolism. 
The  authors  consider  the  high  proteid  decomposition  in  phlor- 
hizin diabetes  to  be  due  to  the  non-burning  of  the  carbohydrate- 
like radical  of  the  proteid  molecule.  In  phosphorus  poisoning 
the  proteid  decomposition  is  due  to  the  fatty  degeneration  of  the 
carbohydrate  radical.  The  fatty  infiltration  noticed  in  post- 
mortem examinations  is  due  to  the  action  of  pathologically  hun- 
gry cells  which  attract  the  fat  to  themselves  in  greater  quanti- 
ties than  can  be  utilized. 

A  Preliminary  Note  on  the  Fractional  Precipitation  of 
the  Globulin  and  Albumin  of  Normal  Horse's  Serum  and 
Diphtheric  Serum,  and  the  Antitoxic  Strength  of  the  Precip- 
itates. By  James  P.  Atkinson.  /.  Expt,  Medicine,  4,  649- 
650. — In  this  preliminary  paper  attention  is  called  to  the  com- 
pounds obtained  from  the  globulin  of  horse's  serum  by  fractional 
precipitation  with  sodium  chloride  at  temperatures  between  room 
temperature  and  72**  C.  The  same  phenomenon  is  noticed  in  the 
serum  itself  after  removal  of  the  globulin,  precipitation  beginning 
at  56°  C.  and  being  complete  at  81°.  Each  fraction  of  the  anti- 
toxic globulin  is  found  to  possess  antitoxic  power,  while  the  final 
filtrate  is  free  from  antitoxin. 
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Observations  on  the  Nitros^enous  Metabolism  of  the  Cat, 
Especially  on   the   Excretion    of  Uric   Acid    and   Allantoin. 

By  Lafayette  B.  Meneiel  and  Ernest  W.  Brown.  Am.  J, 
Physiology^  3,  261-270. — The  results  of  a  number  of  experiments 
show  that  kynurenic  acid  is  not  excreted  by  the  cat,  even  under 
conditions  of  increased  proteid  metabolism.  An  increase,  how- 
ever, in  the  excretion  of  uric  acid  is  brought  about  by  feeding 
the  animals  with  thymus  and  pancreas  tissue,  as  is  also  the  case 
with  man  and  with  the  dog.  The  excretion  of  allantoin  is 
noticeable  after  the  ingestion  of  thymus  and  pancreas  tissue  or 
uric  acid,  but  preliminary  experiments  have  failed  to  show  the 
production  of  allantoin  after  the  administration  of  hydrazine  sul- 
phate. 

On  the  Occurrence  of  Iodine  in  the  Thymus  and  Thyroid 
Qlands.  By  Lafayette  B.  Mendel.  Am,  /.  Physiology,  3, 
285-290. — The  author  concludes  that  there  is  no  evidence  to 
show  that  the  carefully  isolated  thymus  of  man  or  animals  con- 
tains iodine,  and  considers  the  traces  found  by  other  observers 
to  be  due  to  adherent  thyroidal  tissue.  The  results  of  several 
observations  present  confirmatory  evidence  of  the  absence  of 
iodine  in  the  thyroid  glands  of  newly-born  children.  The  acces- 
sory thyroids  in  man  sometimes  contain  more  iodine  than  the 
thyroids  proper. 

On  the  Chemical  Reaction  of  the  Intestinal  Contents  to 
Various  Indicators,  and'  on  the  Nature  of  the  Contents  Es- 
caping from  a  Fistula  Immediately  above  the  ileo-caecal 
Valve.  By  B.  Moore  and  T.  J.  Bergin.  Am,  J.  Physiology, 
3»  316-325. — The  alkaline  reaction  of  the  intestine  to  methyl 
orange,  lacmoid,  and  litmus,  shows  the  absence  of  hydrochloric 
acid,  and  of  all  stronger  organic  acids  as  acetic,  lactic,  or  buty- 
ric, which  would  be  formed  in  the  bacterial  decomposition  of 
carbohydrates  or  fats.  The  acid  reaction  of  the  intestine  to 
phenolphthalein  the  authors  consider  due  to  the  excess  of  dis- 
solved carbonic  acid.  The  chemical  nature  of  the  substance  es- 
caping from  the  fistula  indicates  that  the>absorption  of  foodstuffs, 
in  the  dog  at  least,  can  be  practically  completed  in  the  small  in- 
testine. A  proteolytic  enzyme,  active  in  alkaline  solution,  and 
a  diastatic  ferment,  also  active  in  alkaline  solution,  are  found  in 
the  dog's  intestine  at  this  level. 

E.  H.  Richards,  Rbvibwbr. 

Rivers  Pollution  and  Water  Supplies.  By  Herbert  E. 
Smith.  Conn,  State  Board  of  Health,  Ann,  Rep,,  i8g8,  266- 
395. — The  water  supplies  of  twenty  towns  in  the  state  have  been 
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examined  monthly  for  periods  varying  from  three  months  to  one 
year.  The  Naugatuck  and  Quinnipiac  rivers  have  been  exam- 
ined during  one  year  at  four  places  each.  The  results  add  valu- 
able data  for  New  England  water-sheds.  There  are  also  given 
the  results  of  a  year's  examination  of  the  sewage  and  effluent 
from  Meriden. 

An  Investigation  of  the  Action  of  Water  upon  Lead,  Tin, 
and  Zinc.  By  H.  W.  Clark.  Mass.  Slate  Board  of  Health, 
Ann.  Rep.,  30,  541-585. — Eight  hundred  samples  of  water  from 
63  towns  in  the  state  were  examined.  The  water  from  24  towns 
showed  less  than  0.05  parts  of  lead  per  100,000  ;  from  29  towns 
there  was  over  o.  i  part,  and  of  these'  10  samples  gave  from  0.40 
to  8.55,  results  quite  justifying  the  extensive  examination.  The 
method  finally  used  is  as  follows  :  3.5  liters  are  concentrated  to 
25-30  cc,  ammonium  chloride  and  ammonia  are  added,  and  then 
hydrogen  sulphide  water.  After  standing,  the  hydrogen  sul- 
phide is  expelled  by  boiling,  and  the  separated  sulphides  of  iron, 
lead,  copper,  and  zinc,  together  with  any  suspended  organic 
matter,  are  filtered  off,  the  soluble  coloring-matter  remaining  in 
the  filtrate.  The  residue  is  heated  with  HNO,  (i  part  acid,  sp. 
gr.  1.2,  to  5  parts  water),  the  solution  filtered,  concentrated  to 
ia-15  cc,  treated  with  5  cc.  strong  H,SO^,  and  heated  until 
fumes  of  the  latter  come  off.  If  the  sample  contained  less  than 
0.025  part  per  100,000  of  iron,  it  is  removed  by  ammonia  and 
the  lead  determined  in  the  filtrate.  If,  however,  there  is  a  larger 
amount,  the  lead  sulphate  is  washed  with  50  per  cent,  alcohol 
until  free  from  iron,  and  then  dissolved  in  ammonium  acetate 
and  the  depth  of  color,  given  by  freshly  prepared  hydrogen  sul- 
phide, compared  with  that  of  standards.  Copper  rarely  inter- 
feres, and  zinc  is  easily  separated  and  determined. 

Report  on  tlie  Investigations  into  tlie  Purification  of  tfie 
Oliio  River  Water  at  Cincinnati.  By  George  W.  Fuli^er. 
Cincinnati,  iSgg,  1-620. — In  addition  to  many  valuable  data  on 
water  purification  from  the  mechanical  and  bacteriological  point 
of  view,  this  report  contains  the  results  of  daily  examinations  of 
the  Ohio  River  water  over  a  period  of  two  months,  as  compared 
with  the  averages  of  the  previous  year,  and  also  analyses  of  the 
various  effluents.  There  is,  in  addition,  an  account  of  experi- 
ments with  lime  as  a  coagulant  for  suspended  clay,  combined 
with  subsequent  treatment  by  carbon  dioxide  to  remove  the  ex- 
cess of  lime. 
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The  Rate  of  Action  of  Water  on  Certain  a-,  /^-,  and  ;/-t1alogen 
Substituted  Fatty  Acids.  By  Edwin  DeBarr.  Am.  Chem. 
y. ,  22,  333-351. — In  order  to  determine  the  influence  of  the  posi- 
tion of  the  halogen  atom  on  the  decomposition  of  substituted 
fatty  acids  by  water,  a  number  of  acids  were  heated  with  water 
in  sealed  tubes  at  150°,  as  it  was  found  that  the  reaction  could 
be  most  readily  studied  under  these  conditions.  The  figures 
given  in  the  following  table  are  selected  from  the  large  number 
obtained.  In  the  first  column  are  given  the  percentages  of 
transformation  of  the  respective  acids  at  the  end  of  one-half 
hour.  The  second  column  gives  the  time  in  hours  when  trans- 
formation ceased,  and  the  third  column  the  total  amount  changed 
in  this  time  : 

Acid  I.  II.  III. 

Monochloracetic 4.06  30  47. 1 1 

Dichloracetic 5.32  5  1776 

Trichloracetic 42.38  8  100.00 

a-Chlorpropionic 4.42  3  11.41 

ot-Brom  propionic 2.93  2  7.06 

a-Brombutyric 3.77  3  9.25 

o-Chlorbutyric 5.80  3  7.50 

/i-Chlorpropionic 41.50  4  50.44 

/5*-Chlorbutyric 29.97  3  37-38 

7-Chlorbuty  ric 100.00  ^  100.00 

The  order  in  which  decomposition  takes  place  is,  excepting  in 
the  case  of  mono-,  di-,  and  trichloracetic  acid,  not  the  same  as 
is  that  of  the  affinity  constants  of  the  acids.  The  order  of  the 
stability  of  the  compounds  is,  however,  the  same  as  that  of  the 
affinity.  The  influence  of  the  distance  of  the  halogen  from  the 
carboxyl  group  is  clearly  shown  with  the  butyric  acids,  the  rate 
of  transformation  rapidly  increasing  the  further  the  halogen  atom 
is  removed  from  the  carboxyl  group.  Care  was  taken  to  obtain 
the  acids  necessary  for  the  investigation  in  a  state  of  purity. 
As  a  result  the  physical  constants  determined  are  more  trust- 
worthy than  those  heretofore  obtained.  /?-Chlorpropionic  acid 
melts  at  61''  and  boils  at  204°.  >S.Chlorbutyric  acid  melts  at  16''- 
16.5°  and  boils  at  116°  at  22  mm.  pressure.  ^-Chlorbutyric  acid 
boils  at  196°  (22  mm.)  and  melts  at  12°. 

On  tlie  Nature  of  tlie  Oxyazo  Compounds.  By  William 
McPhkrson.  Am,  Chem,  J, ,  22, 364-384. — From  the  work  of  pre- 
vious investigators  to  determine  the  nature  of  the  oxyazo  com- 
pounds, it  has  been  impossible  to  decide  which  of  the  following 
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formulae  expresses  the  structure  of  these  compounds :  HO. R.N  : 
N.CeHj,  O.R:  N— NH.C.H,.  The  author  has  obtained  deci- 
sive evidence  by  studying  the  action  of  unsymmetrical  alkylated 
and  acylated  derivatives  of  phenylhydrazine  on  ortho  and  para 
quinones.  The  condensation-products  thus  obtained,  O.R : 
N — N.R'.C.H.,  were  compared  with  the  free  oxyazo  compounds 
and  the  corresponding  products  obtained  from  these  by  direct 
alkylation  and  acylation.  The  results  prove  that  all  paraoxyazo 
compounds,  as  well  as  their  salts  and  substitution-products, 
possess  the  general  formula  MO. R.N  :  N.C.H.  (M=H,  a  metal, 
acyl,  or  alkyl).  The  work  in  the  ortho  series,  while  not  so  de- 
cisive, points  to  the  conclusion  that  these  compounds  and  their 
acylated  derivatives  are  monohydrazones  of  orthodiketones, 
O.R :  N— N.M.CeH.  (M=H  or  acyl).  The  alkylated  substitu- 
tion-products, on  the  other  hand,  areazo  compounds,  R'O.R.N  : 
N.C.Hj.  Quinonebenzoylphenylhydrazone  was  prepared  by 
mixing  aqueous  solutions  of  quinone  and  a-benzoylphenylhydra- 
zine  hydrochloride.  The  yellow  precipitate  formed  melted  at 
171**  after  crystallization  from  benzene.  The  compound,  when 
reduced  with  zinc  and  acetic  acid,  was  split  quantitatively  into 
benzanilide  and  ^-amidophenol.  It  was  converted  by  acids  and 
alkalies  into  benzoic  acid  and  /-oxyazobenzene.  The  hydra- 
zone  which,  from  its  method  of  synthesis  and  its  properties, 
must  have  the  structure  represented  by  the  formula  O  :  C,H^ : 
N.N.C.Hj.COC.H,  is  isomeric,  not  identical,  with  the  compound 
formed  by  introducing  the  benzoyl  group  into  /-oxyazo benzene. 
This  latter  substance  must  have,  therefore,  the  structure 
CeH,CO.O.C,H,.N  :  NC.H,.  From  the  following  facts  the  con- 
clusion is  drawn  that/-oxyazobenzene  is  a  true  azo  compound  : 
( I )  In  the  derivatives  formed  by  the  introduction  of  acyl  or 
alkyl  groups  these  groups  are  joined  to  oxygen.  (2)  It  has 
been  shown  by  Goldschmidt  and  others  that  <7-oxyazo  derivatives 
by  direct  acylation  yield  compounds  which  contain  the  acyl 
group  joined  to  nitrogen.  (3)  Free /-oxyazo  compounds  do  not 
react  with  phenylhydrazine,  whereas  all/- quinonebenzoylphenyl- 
hydrazine  derivatives,  like  benzoquinone  itself,  react  with  this 
reagent  with  explosive  violence.  (4)  The /-oxyazo  compounds 
are  soluble  in  dilute  alkalies.  The  ^7-oxyazo  compounds  of  the 
naphthalene  series,  however,  are  not  affected  by  even  concen- 
trated caustic  alkalies.  (5)  The  study  of  the  physical  proper- 
ties of  the /-oxyazo  compounds  leads  to  results  in  accord  with 
those  obtained  by  chemical  methods.  The  acetate  of  /-oxyazo- 
benzene  must  have  the  structure  C,H,.N  :  N.C.H^O.CO.CH,, 
since  it  is  not  identical  with  quinoneacetylphenylhydrazone  (m. 
p.  118*")  made  by  the  action  of  or-acetylphenylhydrazine  on 
quinone.  The  following  hydrazones  were  prepared  and  com- 
pared with  the  corresponding  derivative  of  the  oxyazo  com- 
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pounds  with  analogous  results  :  Toluquinonebenzo^'lphenylhy- 
drazone  (m.  p.  151"*),  thymoquiiionebenzoylphenylhydrazone 
(m.  p.  132®),  a-naphthoquinonebenzoylphenylhydrazone  (m.  p. 
161.5°).  When  benzoquinone  and  flr-methylphenylhydrazine 
hydrochloride  were  brought  together  in  dilute  aqueous  solution, 
an  evolution  of  nitrogen  took  place  and  dimethyldiphenyltetra- 
zone  (m.  p.  133"*)  separated.  From  a-benzylphenylhydrazine 
an  analogous  benzyl  derivative  (m.  p.  145**)  was  prepared. 
When  a-naphthoquinone  was  used,  however,  a  hydrazone  was 
formed  similar  in  structure  to  the  compounds  prepared  from  the 
acylated  hydrazines.  The  methyl  derivative  melts  at  118.5°  and 
the  benzyl  derivative  at  136°.  The  benzyl  ether  of  benzene  azo- 
a-naphthol  (m.  p.  102°),  which  is  isomeric  with  the  latter  com- 
pound, was  prepared  from  the  azo  compound  and  benzyl  chlo- 
ride. When  an  orthoquinone  was  studied  the  results  obtained 
were  different  from  those  described  alone.  The  compound 
formed  by  treating  /9-naphthoquinonehydrazone  with  benzoyl 
chloride  was  found  to  be  identical  with  the  hydrazone  prepared 
by  the  action  of  a-benzoylphenylhydrazine  on  /5- naphthoqui- 
none. The  compound,  which  must  contain  the  benzoyl  group 
joined  to  nitrogen,  crystallizes  from  benzene-ligroin  and  melts  at 
191°.  When  the  methyl  ethers  were  made,  however,  two  com- 
pounds were  obtained,  an  azo  body  (m.  p.  95°)  and  a  quinone- 
hydrazone  (m.  p.  134.5°). 

The  Action  of  Benzoyl  Chloride  on  the  Phenylhydrazones  of 
Benzoin.  By  Paul  C.  Freer.  Am.  Chem.  /.,  22,  396-402. — 
In  a  previous  paper  {this  Rev. ,  5, 32  ;  see  also  this  Rev.  ,5,125)  the 
author  described  a  compound  formed  by  the  action  of  benzoyl 
chloride  on  /^-benzoinphenylhydrazone.  From  an  analysis  and 
a  molecular  weight  determination  of  the  substance,  it  appeared 
that  the  chloride  had  simply  effected  a  molecular  rearrangement 
and  that  the  compound  was  a  third  phenylhydrazone  of  benzoin. 
The  reaction  has  been  investigated  further  and  the  reaction- 
product  described  found  to  be  benzanilide.  The  reaction  is  a 
complex  one,  as  the  following  substances  were  isolated  in  addi- 
tion to  benzanilide  :  benzil,  lophine,  dibenzanilide,  hydrochloric 
acid,  ammonium  chloride,  aniline  hydrochloride,  and  a  large 
amount  of  tar.  When  nitrobenzoyl  chloride  was  used  no  lophine 
was  formed.  The  probable  course  of  the  reaction  by  which  the 
above-mentioned  compounds  are  formed  is  fully  explained. 
Nitrobenzoyl  chloride  reacts  readily  with  both  a-  and  /5-ben- 
zoinphenylhydrazone,  whereas  benzoyl  chloride  does  not  react 
with  the  or-variety  at  winter  temperature. 

Notes  on  the  Space  Isomerism  of  the  Toluquinoneoxime 
Ethers.    By  William  Conger  Morgan.     Am.  Chem.  J.,  22^ 
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402-407. — In  a  former  paper  {this  Rev.,  5,  30)  it  was  stated  that 
certain  ethers  of  toluquinonemetaoxime,  whether  formed  by  the 
action  of  hydroxylamine  on  the  quinone  or  by  nitrous  acid  on 
the  corresponding  cresol,  showed  evidence  of  existing  in  iso- 
meric forms.  By  fractional  crystallization  of  the  benzoyl  ester 
two  substances  have  been  obtained,  one  melting  at  193**  and  one 
melting  approximately  at  144**.  The  low-melting  compound, 
which  was  not  obtained  in  a  state  of  purity,  is  changed  slowly 
into  the  high-melting  form  by  repeated  crystallizations  from 
alcohol.  When  heated  at  120°  with  alcohol  the  change  is  rapid 
and  complete.  The  formation  of  isomers  has  been  noted  in  the 
case  of  ethers  prepared  from  acid  chlorides  and  the  sodium  salt 
of  the  oxime  made  by  the  action  of  amyl  nitrite  on  the  sodium 
salt  of  the  cresol.  Under  these  circumstances  the  chance  of  the 
formation  of  side-products  which  would  effect  the  purity  of  the 
ether  is  small,  and,  consequently,  the  results  obtained  indicate 
that  the  isomerism  is  due  to  the  space  relation  of  the  atoms. 
The  following-named  substances  are  described  :  The  sodium  salt 
of  toluquinone  m-oxime,  bromtoluquinone-^-oxime  benzoyl  ether 
(m.  p.  184^),  toluquinone-^-oxime  benzoyl  ether  dichloride 
(m.  p.  149**),  chlortoluquinone-(7-oxime  benzoyl  ether  (m.  p.  185- 
193**  with  decomposition). 

On  the  Constitution  of  a-DibromdinitrobenzoI — Paradibrom- 
ortliodinitrobenzol.  By  D.  F.  Cai^hane  and  P.  M.  Wheeler. 
Am.  Chem.J,,  22,  449-458. — When  /-dibrombenzene  is  treated 
with  a  mixture  of  fuming  nitric  acid  and  sulphuric  acid,  the 
resulting  product   consists  chiefly   of    )^-dibromdinitrobenzene 

(Bri,NO,2,Br4,NO,6) 

and  a  small  quantity  of  ar-dibromdinitrobenzene.  The  authors 
show  that  the  structure  of  the  latter  compound  is  represented  by 
theformulaC«H,Br,NO,(Bri,2NO,2,3,Br4).  This  fact  was  estab- 
lished by  converting  the  compound  into  a  dibromphenylenedi- 
amine  (m.  p.  94^-95°)  from  which  ^-phenylenediamine  was  ob- 
tained by  prolonged  treatment  with  sodium  amalgam.  This  re- 
sult was  confirmed  by  treating  the  /-dibromphenylenediamine 
with  phenanthrenequinone,  which  gave  a  dibromphenanthro- 
phenazine  (m.  p.  297°),  and  also  by  treating  the  diamine  with 
benzil,  when  dibromdiphenylchinoxaline  (m.  p.  2i5°-2i6®)  was 
formed.  As  such  compounds  are  formed  only  from  (7-diamines  the 
structure  of  or-dibromdinitrobenzene  was  established  since  it  was 
prepared  from  ^-dibrombenzene. 

Plienyl  Mustard  Oil  as  a  Reagent  for  the  Detection  of  the 
Alcoholic  Hydroxyl  Group.  By  W.  R.  Orndorpp  and  F.  A. 
Richmond.  Am,  Chem'j,,  22,  458-473. — The  action  of  phenyl 
mustard  oil  on  a  large  number  of  compounds  was  studied,  in 
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order  to  discover  if  it  exhibited  the  marked  chemical  reactivity 
which  is  characteristic  of  phenyl  isocyanate.  Its  use  as  a  re- 
agent for  the  detection  of  the  hydroxy!  group  is  limited.  It  re- 
acts to  form  well-crystallized  compounds  with  primary,  second- 
ary, and  tertiary  alcohols,  but  it  does  not  combine  with  unsatu- 
rated alcohols,  acids,  phenols,  or  alcohols  of  the  benzene 
series.  The  addition-products  of  phenyl  mustard  oil  and  the 
following  alcohols  are  carefully  described :  methyl,  ethyl,  propyl, 
isopropyl,  isobutyl,  tertiary  butyl,  and  isoamyl  alcohol.  When 
phenyl  mustard  oil  was  heated  with  allyl  alcohol,  diphenyl  urea 
was  formed,  and  when  glycol  and  glycerine  were  used,  the  chief 
reaction-product  was  thiocarbanilide.  By  the  action  of  phenol 
on  phenyl  mustard  oil  thiocarbanilide  was  formed,  and  not  the 
phenyl  ester  of  thiocarbamic  acid  which,  according  to  the  litera- 
ture, is  the  product  of  this  reaction. 

The  Ethers  of  Isonitrosoguiacol  in  Their  Relation  to  the 
Space  Isomerism  of  Nitrogen.  By  John  L.  Bridge  and  Wil- 
liam Conger  Morgan.  Am.  Chem,  /.,  22,  484-489. — Since 
the  authors  have  noted  the  existence  of  stereoisomerism  in  the 
case  of  certain  quinoneoximes,  it  seemed  advisable  to  repeat  the 
work  of  previous  investigators  on  isonitrosoguiacol  in  order  to  dis- 
cover if  isomerism  exists  in  the  derivatives  of  this  compound. 
A  study  of  the  compounds  already  described,  in  addition  to  the 
benzoyl  ether  isonitrosoguiacol  (m.  p.  188°  when  **  dipped**  for 
ten  seconds)  and  itsdibromide  (m.  p.  153^-154°)  andmonobrom- 
isonitrosoguiacol  benzoyl  ether  led  to  the  discovery  of  no  case  of 
stereoisomerism. 

Diazocaffeine.  By  M.  Gomberg.  Am.  Chem.  /.,  23,  51-70. 
— When  amidocaffeine  is  dissolved  in  strong  hydrochloric  acid 
and  treated  with  nitrous  acid,  a  diazo  compound  is  formed, 
which  is  stable  only  in  solution  at  a  low  temperature.  Diazo- 
caffeine reacts  with  aromatic  phenols  and  amines  with  the 
formation  of  azo  compounds,  which  crystallize  well  and  possess 
intense  dyeing  power.  The  azo  dyes  prepared  from  phenol,  di- 
methylaniline,  phenylenediamine,  and  )^-naphthol  are  described 
in  detail.  That  the  caffeine  molecule  is  not  broken  up  by  the 
action  of  nitrous  acid,  but  that  a  true  diazo  salt  of  caffeine  is 
formed  was  shown  in  two  ways.  First,  when  caffeine  instead  of 
its  amido  derivative  was  subjected  to  the  same  treatment  with 
nitrous  acid,  it  remained  entirely  unchanged ;  and  second,  the 
azo  dyes  on  treatment  with  stannous  chloride  furnished  almost 
quantitatively  amidocaffeine  and  the  corresponding  aromatic 
body.  The  condensation-product  of  acetoacetic  acid  and  diazo- 
caffeine is  not  similar  in  structure  to  the  compound  found  under 
like  conditions  with  aromatic  diazo  salts.     The  caffeine  deriva- 
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tive  is  a  diazo  compound.  CH,COC.(N,.C,H,N,0,),.COOIi, 
whereas  diazo  benzene  chloride  and  acetoacetic  ester  give  a 
hydrazo  and  a  formazyl  compound.  Propyl  and  benzylacetoacetic 
acids  give  analogous  [compounds,  the  introduction  of  two  diazo 
residues  being  made  possible  by  the  elimination  of  the  acetyl 
group  as  acetic  acid.     The  condensation-products, 

R.C(NAH,N,OJ,COOH, 

were  obtained  as  dark  crystalline  powders  which  could  be  heated 
tp  285**  without  melting  and  without  decomposition.  Diazocaf- 
feine  and  nitroethane  react  readily  with  the  formation  of  a  sub- 
stance of  the  structure  NO,C.CH,.(N,C,H,N,0,),.  The  com- 
pound crystallizes  from  a  mixture  of  chloroform  and  ether  in 
deep-blue  flakes,  melts  at  2i8°-2i9**,  and  shows  marked  changes 
in  color  when  heated  with  water.  Nitropropane  forms  an  analo- 
gous compound  (m.  p.  237°-238®). 

The  Action  of  Ethyl  Iodide  on  Tartaric  Ester  and  Sodium 
Ethyiate.  By  John  E.  Bucher.  Am.  Ckem,/,^  23,  70-83. — 
Previous  investigators  have  found  it  impossible  to  prepare  sym- 
metrical diethoxysuccinic  ester  by  the  usual  synthetical  methods. 
Neither  the  mono-  nor  disodium  derivative  of  tartaric  ester 
reacts  with  methyl  or  ethyl  iodide,  and  symmetrical  dibromsuc- 
cinic  ester  gives  unsymmetrical  esters  when  treated  with  alkyl 
halides.  The  author  studied  carefully  the  action  of  ethyl  iodide 
on  tartaric  ester  in  the  presence  of  sodium  ethyiate,  and  found 
among  the  products  of  the  reaction  three  forms  of  diethoxysuc- 
cinic ester ;  viz,^  the  unsymmetrical  and  inactive  and  rf-symmet- 
rical  varieties.  Some  of  the  monoethoxy  derivative  was  also 
present.  The  proportions  of  the  different  substances  varied  as 
the  proportions  of  the  reacting  substances  were  changed.  The 
diethoxy  derivatives  were  separated  by  saponifying  the  esters 
and  adding  calcium  chloride  when  the  calcium  salt  of  unsym- 
metrical diethoxysuccinic  acid  was  precipitated.  The  symmet- 
rical acid,  obtained  by  extracting  the  acidified  filtrate  with 
ether,  melts  at  97°-99°  and  forms  very  soluble  crystalline  potas- 
sium and  barium  salts.  Hydroxyethoxysuccinic  acid  was  iso- 
lated by  precipitating  its  lead  salt.  The  probable  course  of  the 
reaction  which  results  in  the  formation  of  an  unsymmetrical  de- 
rivative from  a  symmetrical  compound  is  explained  by  the 
author.  Preliminary  experiments  indicate  the  formation  of 
oxalacetic  ester  as  an  intermediate  product  in  the  reaction. 

Action  of  Picryl  Chloride  on  F^rocatechin  in  Presence  of 
Alkalies.  By  H.  W.  Hii^lyer.  Am,  Ckem,/.,  23,  125-128. — 
A  compound,  the  constitution  of  which  is  represented  by  the 

formula,  C,H^^     ^C,H,(NO,)„  is  readily  formed  when  an  alco- 
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holic  solution  of  picryl  chloride  and  pyrocatecbin  containing 
sodium  hydroxide  is  heated  at  6o**-70°  for  six  hours.  The 
author  proposes  to  name  the  substance  of  which  tbe  above 
compound  is  a  dinitro  derivative,  phenoxozone,  on  account  of 
its  analogy  to  phenoxazine,  which  is  made  in  a  similar  way  from 
picryl  chloride  and  ^-amidophenol,  and  possesses  the  structure 

/NHv 
CeHX  /C,H,(NO,),.  Dinitrophenoxozone  crystallizes  from 

benzene,  melts  at  192^-192.5^,  and  sublimes  unchanged  in  the 
form  of  yellow  needles. 

Nitroso  Derivatives  of  Caryophyilene  and  Cadinene  and 
Tlieir  Bearing  on  the  Characterization  and  Classification  of  tlie 
Sesquiterpenes.  By  Oswai^d  Schreimer  and  Edward 
Kremers.  Pharm,  Archives,  2,  273-301. — A  number  of  deriva- 
tives of  caryophyilene  and  cadinene  were  prepared  and  carefully 
studied.  As  the  substances  have  well- characterized  physical 
properties  they  will  materially  assist  in  the  study  of  the  above 
compounds  as  well  as  in  the  investigation  of  other  sesquiter- 
penes. Caryophyilene  nitrosite  crystallizes  in  deep-blue  needles, 
melts  at  113°,  and  has  the  rotation  [«]d  =  +102.95  in  benzene 
solution.  It  reacts  with  benzylamine,  forming  a  white  crystal- 
line compound,  which  melts  at  167**.  When  exposed  to  the  sun- 
light in  benzene  solution  about  29  per  cent,  of  the  nitrogen  is 
liberated  and  the  /^-compound  is  formed  (m.  p.  i46*'-i48°).  In 
alcoholic  solution  a  similar  reaction  takes  place  and  a  third  iso- 
mer, the  a-compound,  is  formed.  It  melts  at  113**-!  14°,  and  is 
either  slightly  dextrogyrate  or  inactive.  By  a  new  method  of 
preparation  a  good  yield  of  caryophyilene  nitrosochloride  (m.  p. 
158"*)  was  obtained.  The  nitrosochloride  and  benzylamine  react 
readily  with  the  formation  of  two  nitrolbenzylamine  bases  (m. 
p.  128°  and  169°).  The  nitrosate  of  the  terpene  melts  at  148"*- 
149°  and  forms  with  benzylamine  a  nitrol  base  (m.  p.  128''), 
which  is  identical  with  the  one  obtained  from  the  nitrosochlo- 
ride. Contrary  to  the  statement  in  the  literature,  the  authors 
were  able  to  prepare  a  crystalline  hydrochloride  of  caryophyilene 
(m.  p.  69°-70*').  Cadinene  forms  a  nitrosate,  which  melts  with 
decomposition  at  105'-!  10**,  and  a  nitrosochloride  which  melts  at 

93'*-94  . 

A  Preliminary  Communication  upon  Ricinine.  By  Thomas 
Evans.  /.  Am,  Chem.  Soc,  22,  39-46. — The  author  shows  that 
the  substance  obtained  by  Tuson  by  extracting  castor  beans  with 
boiling  water,  to  which  the  name  ricinine  was  given,  is  identical 
with  ricidine,  which  was  isolated  by  Schulze  from  the  same 
source  by  a  different  method  of  extraction.     The  compound  crys- 
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tallizes  in  small  colorless  prisms,  melts  at  193'',  and  gives  results 
on  analysis  agreeing  closely  with  the  formulae  C„Hj,N^O^  and 
C,.H„N^O^.  The  formation  of  a  chlorplatinate,  described  by 
Tuson,  was  probably  due  to  the  presence  of  an  impurity  in  the 
ricinine  investigated,  since  the  pure  comp6und  does  not  form 
such  a  salt.  It  does  not  give  a  precipitate  with  silver  nitrate, 
mercuric  nitrate,  or  mercuric  chloride,  but  on  long  standing  a 
concentrated  solution  of  ricinine  and  mercuric  chloride  yield  a 
feathery  crystalline  product.  By  brominating  ricinine  a  substi- 
tution-product (m.  p.  232°)  containing  two  bromine  atoms  was 
obtained.  On  oxidation  with  alkaline  potassium  permanganate 
a  crystalline  acid,  which  melted  at  279**-28o",  was  obtained. 

Benzenestearosulphonic  Acid  and  Other  Sulphonic  Acids 
Containing  the  Stearic  Radical.  By  K.  Twitchbll.  /.  Am. 
Chem.SoCy  22,  22-26. — Benzenestearosulphonic  acid, C,H^.SO,H. 
C„H,.0„  was  prepared  by  treating  a  mixture  of  oleic  acid  and 
benzene  with  concentrated  sulphuric  acid.  The  acid  is  a 
sticky,  semisolid  mass,  soluble  in  water,  and  forms  alkaline 
salts  which  are  readily  precipitated  by  acids,  bases,  or  salts. 
Analogous  compounds  were  prepared  from  naphthalene  and 
phenol. 
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The  Ultimate  and  Rational  Analysis  of  Clays  and  Their 
Relative  Advantages.  By  H.  Ries.  Trans,  Am.  Inst.  Min. 
Eng.y  28,  160-166. — The  rational  analysis  of  a  clay  which  in  its 
simplest  form  gives  the  three  mineral  constituents,  kaolinite, 
feldspar,  and  quartz,  consists  in  decomposing  and  dissolving  the 
kaolinite  with  sulphuric  acid  followed  by  caustic  soda,  weighing 
the  residual  feldspar  and  quartz,  determining  the  alumina  in  it, 
and  then  calculating  the  feldspar.  Its  value,  especially  with  fire 
clays  containing  a  small  percentage  of  fluxing  impurities  (iron, 
lime,  and  magnesia)  lies  in  the  fact  that  it  gives  much  informa- 
tion as  to  the  behavior  of  a  clay  in  shrinking  and  melting,  which 
the  ultimate  analysis  does  not  give. 

A  Modification  of  Bischof  s  method  for  Determining  the 
Fusibility  of  Clay,  as  Applied  to  Non.ref factory  Clays,  and  the 
Resistance  of  Fire-clays  to  Fluxes.  By  H.  O.  Hopman. 
Trans.  Am.  Inst.  Min.  Eng.,  28,  435-440. — There  are  two  lead- 
ing methods  of  testing  clays,  the  direct  one  of  Seger  and  the  in- 
direct one  of  Bischof.  In  the  former,  a  clay  to  be  tested  is  com- 
pared with  the  standard  series  of  Seger  ;  in  the  latter  a  clay  is 
toned  up  with  a  silica-alumina  mixture  until  it  shows  in  the  fire 
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the  same  behavior  as  the  most  refractory  clay  known,  that  of 
Saarau.  Instead  of  the  Saarau  clay  the  author  chose  the  Seger 
cone  No.  26,  which  forms  the  line  of  separation  between  refrac- 
tory and  non-refractory  clays.  He  toned  up  a  number  of  non- 
refractory  clays  until  they  behaved  in  the  fire  in  the  same  man- 
ner as  did  the  Seger  cone  No.  26,  and  tested  the  resistance  of 
fire-clays  to  fluxes  by  mixing  weighed  samples  of  1.5  grams 
severally  with  increasing  amounts  of  fluxes  until  they  yielded  to 
the  heat  at  which  the  sample  cone  bent  over.  By  this  modifica- 
tion of  Bischof's  method  two  things  can  be  accomplished,  the 
finding  out,  first,  how  much  high-grade  material  is  to  be  added 
to  one  of  an  inferior  character  to  bring  it  up  to  a  certain  stand- 
ard, and,  second,  how  the  resistance  of  acid  or  neutral  materials 
to  the  corroding  influences  of  bases,  or  vice-versa,  can  be  deter- 
mined. 

Does  the  Size  of  Particles  Have  Any  Influence  in  Determining: 
the  Resistance  of  Fire-clays  to  Heat  and  Fluxes.    By  H.  O. 

HoPMAN  AND  B.  Stoughton.  Trans,  Am.  Inst.  Min,  Eng,^ 
28, 440-444. — In  testing  fire-clays  and  fire-brick  in  the  laboratory, 
the  first  step  is  to  grind  them  to  an  impalpable  powder.  The 
objection  made  to  this  procedure  is  that  the  behavior  of  a  brick 
which  is  a  mixture  of  coarse  and  fine  material  in  the  fire  must 
be  different  from  that  of  the  same  material  when  finely  ground. 
The  experiments  made  with  the  material  just  as  it  is  going  to 
be  used  in  making  the  brick  and  after  fine  grinding,  prove  that 
in  the  laboratory  practically  the  same  results  are  obtained  with 
respect  to  resistance  to  heat  as  well  as  to  fluxes,  whether  the 
material  used  be  finely  ground  or  not. 

Testing  Lead-tin  and  Lead-antimony  Alloys.  By  J.  Rich- 
ards. J.  Franklin  Inst.^  147,  398-400  ;  Iron  Age,  63,  12. — The 
author  prepared  alloys  of  lead  with  1-24  per  cent,  antimony,  the 
largest  amount  that  will  alloy  with  lead,  cast  them  into  bullets 
to  be  used  as  standards  for  determining  by  direct  weight  the 
percentage  of  antimony  in  hard  lead,  cast  in  the  same  mold  into 
bullets.  The  anomalous  fact  that  2  per  cent,  or  less  antimony 
makes  the  lead-antimony  alloy  heavier  than  pure  lead,  was  cor- 
rected by  preparing  a  separate  set  of  bullets  of  lead  with  2  per 
cent,  antimony  down  to  pure  lead,  the  amount  in  each  bul- 
let diminishing  by  o.  i  per  cent.  These  bullets  have  a  frosty 
appearance  and  are  therefore  readily  distinguished  from  the 
others.  The  author  prepared  a  similar  series  of  lead-tin  alloys 
in  which  the  tin  diminishes  by  o.i  per  cent. 

A  Furnace  for  Smelting  Zincose  Lead  Ores.  By  L.  Ki<oz. 
Eng.  Min,  /.,  68,  279-280. — The  peculiarities  of  this  furnace  are 
that  the  shaft  and  boshes  consist  of  cast-iron  plates  in  which 
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water  circulates  through  wrought-iron  pipes  and  that  the  cruci- 
ble, made  of  cast-iron  plates,  is  detached,  being  brought  beneath 
the  farnace  on  a  truck  and  raised  into  position  by  jack-screws. 

Notes  on  Silver  Losses  in  Smelting.  By  M.  W.  Iles.  Eng, 
Min,J,,  68,  307-309,  340-341,  367-369.— This  paper  is  replete 
with  data  from  the  author's  experiments  as  metallurgist  of  the 
Globe  Smelting  and  Refining  Co.,  Denver,  Colorado. 

Notes  on  Lead  Smelting  and  Qold  and  Silver  Refining — 
Slag  Settling  Furnaces.  Bv  M.  W.  Ilks.  Eng.  Min.  /.,  68, 
667-669,  729. — The  paper  discusses  briefly  the  'apparatus  used 
for  separating  lead-matte  from  slag  outside  of  the  blast-furnace, 
and  gives  some  facts  relating'  to  the  reverberatory  settling  fur- 
nace patented  by  the  author,  and  also  several  complete  analyses 
of  fumes  collected  by  filtering  devices. 

Potash  and  Soda  Salts  from  Natural  Decomposition  of  Lead 
Slags.     By  M.  W.  ,Ii.es  and  C.  F.  Shelby.     Eng,  Min,  /., 

67,  650. — At  or  near  the  bottom  of  the  slag-heap  of  the  works  of 
the  Globe  Smelting  and  Refining  Co.,  at  Denver,  the  authors 
found  a  white,  efflorescent  salt  which  was  formed  by  the  decom- 
position of  the  slag  through  atmospheric  agencies.  The  ulti- 
mate analysis  gave  :  SO,,  48.45  ;  K,0,  28.44  ;  Na,0,  13.48  ; 
CaO,  1.80;  MgO,  0.80;  Fe,0„  0.29;  MnO,  0.26;  CI,  0.47; 
loss  on  ignition,  2.40 ;  total,  96.97.  These  results  show  that 
the  bases  were  combined  mainly  with  sulphuric  acid,  which  had 
been  formed  by  the  oxidation  of  the  sulphides  held  in  igneous 
solution  by  the  slag. 

Potash  and  Soda  Salts  in  Lead  Slags.  By  R.  C.  Canby. 
Eng,  Min,  J.,  68,  3. — Referring  to  the  preceding  paper  the 
author  notes  the  formation  of  similar  potash  and  soda  salts  on 
heaps  of  some  copper  matte  after  exposure  to  snow,  followed  by 
bright,  warm  sunshine. 

Notes  on  Lead  Smelting  and  Gold  and  Silver  Refining — Fans 
for  Handling  Lead  Fume.     By  M.  W.  li.ES.     Eng,  Min,  /., 

68,  788-789. — The  larger  part  of  this  paper  deals  with  the  de- 
tails of  construction  of  the  fans  used  at  the  silver-lead  works  of 
the  Globe  Smelting  and  Refining  Co.,  at  Denver.  Here  the 
dust-laden  gases  from  the  blast-furnace,  the  zinc  retorts,  and  the 
silver-melting  furnaces,  are  drawn  off  by  fans  and  forced  through 
cotton  filter-bags. 

A  Liquid  from  the  Fume  of  Lead  Furnaces.      By  M.  W. 

I1.KS.  Eng.  Min.  /.,  68,  576.— The  author  collected  at  the 
works  of  the  Globe  Smelting  and  Refining  Co.,  at  Denver,  yel- 
low icicles  which  had  formed  on  a  very  cold  day  at  the  extreme 
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end  of  the  flue  which  carries  the  blast-furnace  gases  and  dust 
into  the  filtering  department.  They  showed,  after  dissolving  in 
water,  the  following  composition  in  grams  per  liter :  FeSO^, 
88.40  ;  MnSO,,  0.68  ;  ZnSO,,  24.56  ;  As.O,.  i-45  ;  NaCl,  7.26  ; 
Na,SO,,  3.69;  K,SO„  2.22  ;  (NH,),SO,,  3300;  H.SO,.  1.22; 
H,SO„  15.00;  organic  matter,  31.94;  total,  209.42. 

Ammonia  in  Flue-dust.  By  R.  C.  Canby.  Eng.  Min.  /., 
68,  633. — The  author's  attention  was  called  to  the  presence  of 
ammonia  in  flue-dust  from  blast-furnaces,  when  mixed  with 
milk  of  lime  previous  to  bricking. 

Blakemore's  Results  in  Refining  Lead  by  Parkes*  Process. 

By  W.  Jones.  Eng.  Min.  /.,  68,  273. — Blakemore  found  that 
the  drosses  obtained  in  the  softening  furnace  and  the  desilveriz- 
ing kettle  from  base  bullion  rich  in  gold  and  copper,  were  heavy 
and  contained  large  amounts  of  gold.  The  author  advocates 
the  method,  common  in  American  refineries,  of  matting  the 
dross  in  the  softening  furnace  (seeHofman,  '*Lead,"  5th edition, 
page  435)  which  leaves  nearly  all  the  gold  in  the  lead  where  it 
belongs,  and  greatly  reduces  the  amount  of  intermediary  prod- 
uct requiring  retreatment.  The  author  also  states  that  he  found 
little  difficulty  in  separating  gold  from  silver  by  zincking  with 
base  bullion  that  contained  three  times  as  much  gold  as  silver. 

Refining  Products.  By  M.  W.  Ilks.  School  Mines  Quart., 
20,  397.— This  paper  is  mainly  a  table  containing  forty-eight 
analyses  and  assays  by  H.  Alexander  of  products  from  the  de- 
silverization  of  base  bullion  by  the  Parkes  process,  at  the  works 
of  the  Globe  Smelting  and  Refining  Co.,  at  Denver,  Colo. 

Silicon  and  Copper  Silicide.  By  O.  J.  Stbinhart.  Eng. 
Min.  /.,  67,  710. — The  paper  briefly  points  out  the  uses  to  which 
silicon  and  copper  silicide  made  by  the  Cowles  Electric  Smelt- 
ing and  Aluminum  Co.,  at  Lockport,  N.  Y.,  can  be  put.  In 
making  iron  castings,  silicon  can  take  the  place  of  silvery  irons  ; 
in  dteel  castings  low  in  carbon  it  does  away  with  the  use  of  ferro- 
silicon  or  ferromanganese,  which  increases  the  carbon  content. 
Silicon-copper  with  10,  15,  and  30-35  per  cent,  silicon  is  sold  in 
the  form  of  ingots  having  notches  ;  they  weigh  15-18  pounds. 
It  can  be  used  instead  of  phosphide  of  copper  to  promote  the 
soundness  of  copper  and  of  bronze  castings.  Small  quantities  of 
silicon,  up  to  o.i  per  cent.,  make  the  copper  stronger  than  pure 
copper  without  materially  reducing  its  electrical  conductivity. 
The  following  table  gives  some  interesting  facts  bearing  on  this 
matter : 
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Per  cent,  silicon. 
None  (pure  copper  wire) 
0.02-0.05 

0.05-1. 1  (with  i.ioSn) 
0.50 

3.5 


Tensile  strength, 
I«bs.  per  square  inch. 

39»825-49»78o 

64,000 
118,000 

71,116 
135,120 


Electrical 
conductivity. 

100 
98 

43 
28 

7 


The  Influence  of  Antimony  on  the  Cold-shortness  of  Brass. 

By  E.  S.  SPERRy.  Trans.  Am.  Inst.  Min.  Eng.^  28,  176-190. — 
As  a  basis  for  the  experiments,  the  author  chose  a  high  brass 
containing  60  per  cent,  copper  and  40  per  cent,  zinc,  which 
would  roll  both  cold  and  hot,  and  added  varying  amounts  of 
antimony  in  the  form  of  copper-antimony  alloy.  The  molten 
material  was  poured  into  a  mould  f  X  2f  X  24  inches  with  the 
necessary  precautions  ;  the  plate  was  cleaned  by  scraping  and 
then  rolled.  The  experiments  showed  that  brass  should  not 
contain  over  o.oi  per  cent,  antimony  if  it  is  to  roll  satisfactorily. 

The  Influence  of  Bismuth  on  Brass  and  Its  Relation  to  Fire- 
cracks.  By  E.  S.  Sperry.  Trans.  Am.  Inst.  Min.  Eng.,  28, 
427-435. — It  is  usually  believed  that  bismuth  is  more  deleterious 
even  than  antimony  in  casting  brass.  For  the  experiments  a  high 
brass  of  60  percent,  copper  and  40  per  cent,  zinc  was  chosen,  and 
varying  percentages  (0.50,  0.25,  0.09,  0.05,  0.02)  of  bismuth 
were  added,  the  alloys  were  cast  into  an  iron  mould  to  an  ingot 
I X  2|  X  24  inches  and  rolled  when  cold.  The  conclusions  ar- 
rived at  are  that  bismuth  renders  brass  cold-short  as  well  as  hot- 
short,  and  is  the  cause  of  fire-cracks.  High  brass  to  be  cold- 
rolled  should  not  contain'over  o.oi  per  cent,  bismuth. 

A  New  Form  of  Ingot  Mould  for  Casting  Brass  or  Bronze 
Ingots*  with  Remarks  on  the  General  Form  of  Ingots.    By  E. 

S.  Sperry.  Trans.  Am.  Inst.  Min.  Eng.,  28,  246-253. — The 
author  illustrates  a  mould  made  of  soft  gray  iron  weighing  about 
35  pounds  which  he  found  suitable  for  casting  ingots  weighing 
15-25  pounds,  also  tongs  suited  both  for  dumping  the  mould  and 
handling  the  ingot  while  hot. 

Reducing-Roasting. — Its  Value  for  Arsenic — Expulsion 
from  Copper  Ores  and  flattes.  By  E.  W.  Scherr.  School 
Mines  Quart.,  21,  66-74. — The  paper  gives  the  results  obtained 
by  an  oxidizing  followed  by  a  reducing  roast  of  a  mixture  of 
arsenopyrite  and  a  copper  matte  (Cu,  50.16  percent. ;  Ag,  16.82 
ozs.  ;  Au,  0.18  ozs.),  averaging  4.56  per  cent.  As.  The  fur- 
nace was  an  18  X  24  inch  American  Gas  Co.  annealing  furnace. 
Two  lots  of  3f  kilos  were  brought  in  4f  hours  approximately  to 
a  dead-roast  in  shallow  iron  trays,  7  X23  inches  ;  10  per  cent,  of 
finely  pulverized  charcoal  was  added  to  one  of  them,  and  the 
roast  continued  for  i  hour  and  55  minutes,  when  all  the  carbon 
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was  consumed.  The  temperature  at  the  beginning,  460®  C, 
was  slowly  raised  to  the  end,  when  it  reached  767°  C.  The  tab- 
ulated and  plotted  results  show  that  during  the  first  two  hours  the 
arsenic  had  been  reduced  to  0.8  and  0.9  per  cent. ,  and  2|  hours  later 
to  0.7  per  cent,  when  charcoal  was  added  to  one  lot,  while  at 
the  end  of  the  roast  both  samples  retained  0.5-0.6  per  cent.  | 

arsenic.  Copper  began  to  be  converted  into  sulphate  one  hour 
after  starting ;  after  3  hours  5  per  cent,  was  rendered  soluble, 
the  percentage  of  sulphate  then  diminished  in  one  lot  to  3  per 
cent.  ;  as  soon  as  charcoal  was  added  to  the  other  lot  (5  hours 
after  starting)  the  sulphate  was  quickly  decomposed,  leaving 
only  0.2  per  cent,  soluble  copper.  The  author  believes  that 
during  the  first  period  arsenic  was  eliminated  mainly  as  arsen- 
ious  oxide,  and  to  some  extent  as  disulphide.  The  arsenious 
oxide  was  formed  by  oxidation  of  arsenide  and  by  the  reduction 
of  arsenic  oxide  by  sulphur,  sulphur  dioxide,  and  ferrous  oxide, 
having  been  separated  from  its  base  by  sulphur  trioxide  present 
in  excess.  The  arsenic  remaining  in  the  ore  is  believed  to  be  in 
combination  with  copper  as  arsenate,  in  which  form  it  is  decom- 
posed with  great  difficulty  by  a  reducing  roast. 

Roasting  Copper  Ores  at    Keswick*    California.    By    Th. 

Nkii^SON.  Eng,  Min.J,,  68,  457.— The  paper  gives  interesting 
data  about  roasting  sulphide  copper  ores  in  heaps,  stalls,  and  the 
Ropp  and  McDougal  mechanical  furnaces.  The  ore  averages  : 
Fe,  38  ;  Cu,  8  ;  Zn,  4  ;  S,  46  ;  SO,,  (?)  and  A1,0„  3  percent. ; 
Ag,  1.5  ozs.  ;  and  Au,  0.03  ozs.  per  ton.  Stalls  14  X  7  feet  and 
6  feet  high,  170  in  number,  with  a  capacity  of  6,000  tons  of  ore, 
were  first  used,  but  were  replaced  by  heaps  as  the  matting  of  the 
ore  and  the  expense  of  discharging  made  the  work  too  costly. 
The  ore  coming  from  the  mine  is  charged  into  breakers 
with  a  grizzly  with  3- inch  spaces  and  a  screen  with  |-i  inch 
openings,  thus  furnishing  coarse,  medium,  and  small-size  ore, 
which  is  collected  in  separate  bins.  From  these  it  is  run  on  a 
trestle,  with  bents  15  feet  apart,  over  the  roast-yard,  where  the 
heaps  20  feet  wide,  8  feet  high,  and,  varying  with  the  nature  of 
the  ground,  from  500-1,500  feet  long,  are  erected.  Fines  are 
spread  to  a  depth  of  6-12  inches,  then  follows  the  bed  of  dry 
free-burning  light  wood  (pine,  fir,  cedar,  manzanita)  6  inches 
square  in  four-foot  lengths.  I^ongitudinal  fines  4  inches  wide, 
and,  at  eight-foot  intervals,  similar  cross  flues,  are  left  open  to 
be  fired  with  kindling.  At  their  intersections  chimneys  8^  feet 
high  are  erected  of  old  boards  or  of  cord  wood,  and  are  filled 
with  kindling.  The  fines  are  covered  with  cord-wood,  and  small 
wood  is  piled  around  the  intersections  of  the  flues.  Coarse  ore 
is  now  dumped  onto  the  bed,  and  a  wall  six  inches  high  of  lump 
ore,  or  waste  rock,  is  built  outside  of  the  wood,  with  arches  over 
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the  flues.  Coarse  and  medium  ore  follow,  until  the  heap  has 
nearly  reached  its  normal  height ;  it  is  followed  by  a  cover  of 
medium  ore  and  then  by  one  of  fine  ore  about  two  inches  in 
thickness.  The  heap  being  erected,  the  stringers  (6X8  inches 
and  16  feet  long) ,  ties  (4X4  inches) ,  and  rails(  1 6-20  feet  long) , 
are  removed  to  be  used  for  another  heap,  while  the  poles  (4-6 
inches  in  diameter)  are  left,  as  the  cost  of  recovering  them  is  too 
great.  The  heap  is  fired  by  igniting  one-half  pint  of  coal  oil 
poured  into  each  of  the  chimneys.  In  one  hour  after  starting 
the  ore  begins  to  burn.  A  heap  burns  about  six  months,  re- 
ducing the  sulphur  to  12  per  cent.,  of  which  2  per  cent,  is  pres- 
ent as  sulphate.  One  cord  of  wood  is  sufficient  for  120-150  tons 
of  ore.  When  roasted,  the  ore  is  loaded  by  means  of  a  f-yard 
steam  shovel  into  cars  and  goes  to  the  blast-furnace.  Drilling 
holes  ID  feet  apart  under  the  heap  and  blasting  loosens  up  the 
roasted  ore  and  helps  the  work  of  the  steam-shovel.  Building 
the  heaps  as  described  costs  17.9  cents  per  ton  ;  but  this  has 
been  reduced  to  9.31  cents  by  doing  the  screening  at  the 
mine.  Discharging  the  heap  by  hand  costs  23  cents,  by  steam 
shovel  4.92  cents  per  ton.  The  two  McDougal  furnaces,  15  and 
18  feet  in  diameter,  roast  20  and  35  tons  of  fines  (under  one-half 
inch  size)  in  24  hours  at  a  cost  of  12-15  cents  per  ton  for  labor, 
at  $1.85  per  10  hours.  To  the  labor  cost  in  the  Ropp  furnace, 
which  is  about  the  same  as  in  the  McDougal,  30  cents  has  to  be 
added  for  cord-wood  at  $3.00  per  cord.  Granulated  matte  is 
treated  in  both  furnaces. 

The  Bretherton  Blast-heater.  By  S.  E.  Brbtherton. 
Eng,  Min.J,,  68,  689. — An  illustrated  description  is  given  of  an 
apparatus  utilizing  the  waste  heat  of  a  movable  forehearth  for 
heating  the  blast. 

A  Study  of  the  Elimination  of  Impurities  from  Copper 
rtatte  in  the  Reverberatory  and  the  Converter.  By  £.  Khl- 
i,ER.  Trans,  Am,  Inst,  Min,  Eng,,  28,  127-159;  Discussion, 
816-840. — In  bringing  forward  60  per  cent,  copper  matte  to 
metallic  copper  in  the  reverberatory  furnace,  the  first  step  is  to 
crush  the  matte  fine  and  to  roast  it  in  a  hand  reverberatory  fur- 
nace. As  in  large-scale  work  the  complete  clean-up  necessary 
to  arrive  at  satisfactory  data  as  to  losses  in  roasting  is  not  prac- 
ticable, the  author  made  some  small-scale  experiments  in  dead- 
roasting  a  matte  of  the  following  composition  :  Cu,  60.89  \  S, 
23.22;  Fe,  12.28;  Fe,0^,  0.34;  Zn,  1.70  ,  Pb,  0.568  ;  Bi,  0.0501; 
Sb,  o.ioio;  As,  0.0481 ;  Se,Te,  o.oioi  ;  Ag,  61. i  ozs.  ;  Au, 
0.20  ozs.  He  found  by  comparing  raw  and  roasted  matte  that  5 
per  cent,  of  the  arsenic  and  15  per  cent,  of  the  antimony  had 
been  volatilized.     By  bringing  the  analyses  of  flue-dust  and  raw 
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matte  to  the  common  basis  of  Cu  =  ioo»  and  dividing  the  former 
by  the  latter,  he  found  the  relative  elimination  of  the  elements 
to  be  Cu,  i.oo;  Zn,  1.86;  Pb,  1.88;  Bi,  1.60;  Sb,  8.15;  As, 
27.16  ;  Se,Te,  2.80.  Upon  the  assumption  that  the  elimination 
of  arsenic  is  proportional  to  that  of  sulphur,  and  that  in  actual 
roasting  the  sulphur  content  is  reduced  one-third,  there  will  be 
found  in  the  flue-dust  the  following  percentages  of  the  original 
quantities  in  the  matte:  Cu,  0.18;  Zn,  0.34;  Pb,  0.34 ;  Bi, 
0.29;  Sb,  1.47;  As,  5.00;  Se,Te,  0.50.  In  smelting  the 
roasted  matte  with  silicious  and  calcic  fluxes  for  bottoms,  there 
are  also  formed  regulus,  slag,  and  incidentally  some  flue-dust. 
The  author  finds  that  arsenic  concentrates  three  times  as  much 
as  antimony  or  bismuth  in  the  bottom,  while  lead,  selenium, 
and  tellurium  concentrate  in  the  regulus.  The  order  in 
which  the  foreign  constituents  are  eliminated  from  the  regulus 
by  slagging,  volatilization,  and  draining  into  the  bottom  is  the 
following :  zinc,  lead,  bismuth,  antimony,  arsenic,  selenium, 
tellurium,  gold,  and  silver.  In  smelting  the  regulus  and  bot- 
toms together  in  a  reverberatory  furnace  for  blister  copper,  the 
order  of  elimination  of  impurities  by  slagging  is  antimony,  lead, 
selenium,  tellurium,  bismuth,  and  arsenic.  In  refining  the  blis- 
ter copper,  the  impurities,  slagged  on  the  basis  of  7  units  slag  to  100 
copper,  were  Pb,  0.0678;  Bi,  0.0009;  Sb,o.oii5;  As,  0.0020,  while 
those  remaining  in  the  refined  copper  were  Pb,  0.0093  >  Bi> 
0.0320  ;  Sb,  0.0651  ;  As,  0.0586  ;  andSe.Te,  0.0098.  In  refin- 
ing converter  copper,  the  order  of  slaggability  was  lead,  anti- 
mony, arsenic,  bismuth,  and  selenium- tellurium.  After  discuss- 
ing the  reduction  of  slags  from  the  reverberatory  process  in 
the  reverberatory  furnace  and  of  refinery  slags  in  the  blast-fur- 
nace, the  author  sums  up  the  elimination  of  impurities  in  the 
total  reverberatory  process  of  copper  smelting  by  comparing  the 
values  of  the  raw  matte  with  those  of  the  refined  copper  and 
shows  that  the  following  percentages  are  eliminated  by  it :  Pb, 
99  ;  Bi,  54  ;  Sb,  50;  As,  21  ;  Se.Te,  60.  In  converting  matte 
of  a  composition  similar  to  that  brought  forward  in  the  rever- 
beratory furnace,  the  author  shows  that  the  following  percen- 
tages of  impurities  are  eliminated  :  Pb,  95-99.4  ;  Bi,  94-96  ; 
Sb,  62-73  ;  As,  73-91 ;  Se,Te,  57.71  ;  varying  with  the  size  of 
the  converter  and  the  extent  to  which  the  blowing  was  carried, 
a  few  minutes'  overblowing  being  more  efficient  than  hours  of 
flapping  in  the  reverberatory  furnace.  In  the  discussion  of  the 
paper  the  author  tells  of  his  laboratory  experiments  on  the 
elimination  of  impurities  by  the  James  Direct  Process.  His  re- 
sults are  unfavorable  to  it. 

The  Jackson  System  of  Treating  Ores.    By  A.  Phillips. 
Eng,  Min,/.,  68,  34  ;  by  Van  Zwaluwknburg,  Ibid.,  68,  363- 
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364. — A  silver-gold  ore  is  to  be  dead-roasted  in  a  mechanical 
roaster  with  stationary  hearth  ;  at  the  discharge  it  is  to  drop 
into  a  heated  chamber,  being  at  the  same  time  supplied  with 
salt  and  iron  sulphide,  which  are  to  do  the  chloridizing.  After 
passing  through  the  chamber,  the  chloridized  ore  is  to  be  cooled 
by  passing  through  the  open  air,  then  fed  into  tanks,  leached  with 
brine  and  sodium  hyposulphite,  and  the  gold  precipitated  by 
some  electrical  means.  Van  Zwaluwenburg,  who  experimented 
at  a  large  lixiviation  plant  in  Mexico  with  the  electrical  precipi- 
tation, found  it  unsatisfactory  as  regards  the  deposition  of  silver 
and  that,  in  addition,  the  hypo  salt  was  decomposed. 

The  Alluvial  Deposits  of  Western  Australia.     By  T.   A. 

Richards.  Trans.  Am,  Inst,  Min,  Eng.y  28,  490-537. — This 
paper,  mainly  of  a  geological  character,  has  a  number  of  inter- 
esting illustrated  descriptions  of  the  separation  of  placer  gold 
from  sands  by  dry-blowing. 

Water  Required  for  Stamp-milling.  By  G.  W.  Riter. 
Eng,  Min,  /.,  68,  278. — The  author  gives  some  data  from  his 
experience  with  ores  from  Eureka  Hill,  Tintic  District,  Utah, 
on  the  water  required  by  the  combination  process,  i,  e,  stamp- 
ing, concentrating,  and  treating  of  settled  tailings  by  pan  amal- 
gamation. The  amounts  required  per  ton  of  ore  were  if  tons 
for  crushing,  concentrating,  amalgamating,  and  retorting  ;  and, 
if  the  steam  required  for  power,  drying  concentrates,  heating 
pans,  etc.,  be  included,  this  figure  was  raised  to  nearly  2  tons. 

Silver- Plating  of  Amalgam  Plates  for  Gold  Mills.     By  A.  J. 

Clark.  School  Mines  Quart,  ^  21,  48-56. — The  paper  is  a  de- 
scription of  a  method  used  for  replating  the  silver-plated  amalgam 
plates  (54  inches  wide  and  8-12  feet  long)  of  the  mills  of  the  Home- 
stake  and  Higland  Mining  Cos.,  at  Lead  City,  S.  D.,  after  these 
had  shown  a  decrease  in  recovery  of  gold  as  soon  as  the  original 
plating  had  begun  to  wear  off.  In  order  to  have  the  silver  ad- 
here firmly  to  the  copper  plate,  this  must  be  absolutely  clean. 
On  a  new  plate,  any  scale  rolled  into  the  surface  would  cause 
the  silver  to  form  a  rough  deposit  easily  rubbed  off  in  the  daily 
collection  of  amalgam.  A  thin  film  of  oxide  or  grease  would 
give  a  somewhat  uneven  deposit,  quickly  washed  off  by  the 
stream  of  pulp.  On  an  old  plate,  after  scraping  off  the  remain- 
ing amalgam,  the  quicksilver  has  to  be  removed.  Scraping  by 
hand  with  acid  treatment  proved  unsuccessful.  Stripping 
(solution  of  any  gold,  silver,  mercury,  by  the  anode  action  of  an 
electric  current  using  iron  plates  as  cathodes  and  potassium 
cyanide  as  electrolyte)  proved  successful  as  far  as  the  cleaning 
was  concerned,  but  it  left  the  copper  plate  pitted,  and  while  it 
took  a  good  silver  deposit,  when  used  in  the  battery  it  did  not 
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work  satisfactorily,  the  heavier  sands  settling  in  the  hollows. 
Stripping  had  to  be  supplemented  by  a  power  scraper.  A  buff 
wheel  with  an  emery-cutting  surface  was  used,  a  small  fan  suck- 
ing off  the  cuttings  and  discharging  them  into  a  box  filled  with 
water.  The  scrapings  were  amalgamated  in  a  Knox  pan  yield- 
ing a  bullion  with  Au,  5-14,  Ag,  14-23,  and  Cu,  72  per  cent. 
Two  men  clean  three  plates  in  ten  hours.  The  plates  were 
painted  twice  on  the  reverse  side  with  a  solution  of  asphaltum 
in  turpentine  and  then  brought  to  a  slightly  inclined  working 
table  having  cross  strips  of  wood  covered  with  rubber  and  a 
gutter  to  carry  off  the  washings.  The  wood  was  painted  with 
asphalt,  and  the  whole  placed  under  a  hood  connected  with  a 
fan.  The  scraped  side  of  the  plate  may  require  scouring  with 
sand  or  pumice  stone  to  remove  scale  (the  sand  going  to  the 
mill) ,  acid  treatment  (equal  amounts  of  nitric  and  sulphuric  acids 
with  1-5  per  cent,  of  hydrochloric  acid)  to  remove  remaining 
oxides  or  mercury,  a  hot  concentrated  potash  or  soda  wash  to 
remove  grease,  a  painting  with  potassium  cyanide  followed  by 
one  with  cyanide  of  mercury,  which  tends  to  improve  the  adher- 
ence of  the  deposit.  The  depositing  vat  was  15^  feet  long  by  30 
inches  wide  ;  it  was  made  of  3-inch  red-wood,  heavily  strapped, 
and  lined  with  a  layer  of  asphaltum  by  melting  and  pouring  it 
in  and  ironing  it  out.  The  tanks  were  found  to  spread  7.\  inches 
when  filled,  necessitating  loosening  the  nuts  of  the  straps.  The 
depositing  vat  was  set  in  a  cement  vat  3  feet  deep  to  catch  any 
leakage.  There  was  a  tank  of  pine  wood,  10X5X5  feet,  painted 
with  asphalt  into  which  the  solution  could  be  siphoned  when  it 
might  require  to  be  renovated.  A  plate  was  suspended  by  long 
hooks  (passing  through  holes  punched  2  feet  apart  along  the 
edge)  from  a  longitudinal  bar  held  at  the  ends  by  a  differential 
pulley  and  supported  in  the  center  by  a  lever.  The  electrolyte 
was  a  solution  of  silver  chloride  in  potassium  cyanide  carrying 
2.5  ozs  of  silver  and  one-half  pound  of  potassium  cyanide  to  the 
gallon.  From  15-20  silver  plates,  3  feet  by  6  inches  and  one- 
fourth  inch  thick,  were  used  as  anodes  for  one  copper  cathode. 
With  a  single  plate  and  an  electrode  distance  of  16-17  inches, 
an  electromotive  force  of  1.5  volts  was  ample.  With  a  pair  of 
plates  hung  back  to  back  with  anodes  on  either  side  and  an  elec- 
trode distance  of  10-12  inches,  2-2.25  volts  were  necessary. 
The  rate  of  deposition  was  0.35-0.50  oz.  per  square  foot  per 
hour.  A  new  solution  did  not  work  so  well  as  one  that  had 
been  used  for  some  time.  Every  day  the  solution  had  to  be 
stirred  to  correct  a  tendency  of  layering.  After  the  deposition 
has  been  going  on  for  10  or  15  minutes  the  plate  is  drawn  out 
and  any  imperfections  corrected  by  scouring.  The  composition 
of  the  electrolyte  has  to  be  checked  by  determining  the  silver 
and  free  potassium  cyanide. 


Metallurgical  Chemistry,  49 

De  Laflar's  flercur  Mines.  By  H.  L.  J.  Warren.  Eng. 
Min.J,,  68,  754-756;  787;  788. — The  paper  discusses  the  oc- 
currence of  the  ore,  the  mining  and  the  metallurgical  treatment. 
There  are  two  varieties  of  ore,  oxidized  and  base ;  a  third  class 
called  mixed  ore,  a  talcose  oxidized  material,  is  recognized  in 
the  mill.  The  gangue  consists  of  quartzite,  limestone,  shale, 
and  clayey  talcose  material ;  it  contains  20-30  per  cent.  SiO,. 
The  oxidized  ore  is  yellowish  to  brownish,  the  base  ores  carry 
1-5  per  cent,  realgar  and  orpiment,  cinnabar  is  occasionally 
found.  The  value  in  gold  shows  a  range  of  $2.oo-$6o.oo,  and 
usually  varies  from  $3.oo-$i2.oo  per  ton.  The  ore  is  passed 
through  crushers,  roughing  rolls,  and  finishing  rolls  with  inter- 
vening screens,  leaves  the  last  reduced  to  a  limiting  sieve  with  one- 
eighth  inch  holes.  The  oxidized  ores  are  leached  raw,  the 
mixed  ores  are  calcined  in  two  Holthoff-Wethey  mechanical  fur- 
naces (100  K  12  feet),  passing  through  them  in  six  hours.  Each 
treats  145  tons  in  24  hours,  and  consumes  8  tons  of  coal.  The 
object  of  calcining  is  to  remove  the  combined  water  and  thus 
render  the  ore  readily  leachable.  The  base  ores  with  2-5  per 
cent,  sulphur  and  0.95-2.50  per  cent,  arsenic  are  roasted  in 
4  Jacklin  mechanical  furnaces  (120  X  12  feet)  passing  through 
them  in  8  hours.  A  furnace  roasts  70  tons  in  24  hours,  con- 
suming 7  tons  of  coal,  and  reduces  the  arsenic  to  0.10-0.15  per 
cent.  The  oxidized,  calcined,  and  roasted  ores  are  collected  to- 
gether in  a  general  charging  bin  whence  they  go  to  the  leaching 
vats.  There  are  26  steel  leaching  tanks  (50  X  25  feet  and  5  feet 
deep),  each  holding  250  tons  of  ore.  On  the  bottom  are  spread 
50  tons  of  cherty  material,  making  a  lo-inch  filter  bed.  A  tank  is 
filled  from  side  dump-cars  by  3  men  in  8  hours.  First  a  strong 
0.4  per  cent,  solution  of  cyanide  is  turned  on  from  the  bottom 
through  10  2-inch  openings  ;  it  takes  8  hours  to  rise  to  the  sur- 
face, stands  16  hours,  and  then  leaching  by  percolation  is  begun 
and  continued  for  24  hours.  The  first  leaching  is  followed  with 
a  weak  (0.3  per  cent.)  solution  until  the  gold  has  been  ex- 
tracted, which  takes  two  or  three  days,  after  which  the  wash- 
water  is  turned  on.  The  rate  of  washing  is  one  inch  per  hour, 
the  weight  of  solution  and  wash-water  used  is  about  twice  that 
of  the  ore.  The  leached  ore  is  shoveled  through  openings  in  the 
bottom  into  cars  by  ten  men  in  four  hours.  Solutions  and  wash- 
water  fiow  into  two  collecting  tanks  (20  feet  in  diameter  and  12 
feet  deep),  whence  they  are  pumped  into  three  precipitating 
tanks  (16  feet  in  diameter  and  8  feet  deep).  The  gold  is  pre- 
cipitated by  means  of  zinc  dust.  While  the  solution  flows  into 
a  tank  it  is  kept  stirred  by  compressed  air  passing  at  a  pressure 
of  20  pounds  through  a  one-half  inch  pipe.  When  a  tank  is  filled 
with  its  first  solution,  30  pounds  of  zinc  dust  are  given,  with 
the  second  charge  20  pounds,  and  with  the  third  and  the  rest  10 
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pounds,  15  pounds  being  required  on  the  average  for  a  full 
charge  of  liquor,  which  weighs  30  tons.  When  the  precipita- 
tion is  finished,  the  solution  is  allowed  to  settle  and  is  passed 
through  ten  filter-presses  (Stillwell-Bierce  and  Smith-Vaile  pat- 
tern, 24  inches  square)  into  a  sump  24  feet  in  diameter  and  8 
feet  deep.  The  solution  before  precipitation  contains  $3.00  gold 
per  ton,  and  after  precipitation  5po. 20  ;  the  zinc  consumption  is 
i^  pounds  per  ounce  of  gold.  Before  bringing  the  low  solution 
to  the  normal  standard  by  the  addition  of  fresh  potassium  cya- 
nide, one  pound  of  caustic  soda  is  added  to  a  ton  of  solution  so  as 
to  preserve  its  alkaline  character.  At  the  monthly  clean-up,  the 
precipitate  from  the  vats  and  filter-presses  is  dried  and  heated  in 
shallow  pans  in  a  muffle  furnace  to  oxidize  the  zinc,  and  then 
crushed  to  pass  a  one-fourth  inch  screen.  It  contains  about  20 
per  cent,  gold;  there  is  always  present  i  part  silver  to  100  parts 
of  gold.  The  crushed  material  is  treated  with  sulphuric  and 
nitric  acids  and  brought  up  to  60  per  cent.  gold.  It  is  now  fil- 
tered in  a  press,  dried  in  a  muffle,  broken  to  one-half  inch  size, 
mixed  with  fiux  (i  potash,  2  soda,  and  2  borax),  and  melted 
down  in  a  graphite  crucible.     The  gold  is  950  fine. 

Mill  Practice  of  the  Utica  flills,  Calaveras  County,  California. 

By  W.  J.  LoRiNG. —  Trans,  Am,  Inst,  Min,  Eng,,  a8,  553-565. 
— The  paper  gives  full  practical  details  of  the  manner  of  work- 
ing at  the  three  mills  containing  120  stamps  in  all.  Of 
special  interest  is  the  use  of  shoes  of  manganese  steel,  8.5 
inches  in  diameter  of  face  and  10  inches  high,  which  last  on 
the  average  296  days,  weighing  177  pounds  when  new  and 
28  pounds  when  used  up  so  that  they  have  to  be  exchanged. 
Manganese-steel  has  also  done  better  work  in  the  crushers  than 
any  other  kind  of  iron.  A  stamp  weighs  835  pounds,  drops  7-8 
inches  100  times  a  minute,  crushes  per  day  4.8  tons  through  a 
fine,  round-punched  screen  (corresponding  to  30- mesh),  requires 
per  battery  of  five  stamps  8.5  gallons  of  water  per  minute,  and 
2.5  gallons  per  minute  for  the  two  concentrators  belonging  to  it. 
The  consumption  of  quicksilver  per  ton  of  ore  is  0.076  ounce. 
Concentrates  from  the  vanners  and  the  Gates  canvas-plant  are 
chlorinated  and  the  slimes  finally  treated  with  potassium  cya- 
nide. The  cost  of  milling,  exclusive  of  power,  is  13.8  cents  per 
ton.  For  further  details  the  reader  must  be  referred  to  the  origi- 
nal paper. 

Cyaniding  Slimy  Ores  and  Tailings.  By  M.  W.  Aldkrson. 
Min,  Sci,  Press,  78,  584,  612,  636,  665  ;  79,  4. — The  author  dis- 
cusses first  the  early  attempts  at  cyaniding  slimes  in  Montana. 
He  then  takes  up  the  treatment  by  agitation  and  illustrates  the 
working  of  a  vertical  agitator  with  steel  propeller  blades,  rota- 
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ting  at  the  rate  of  16  revolutions  per  minute  in  a  vat  16  feet  in 
diameter  and  5  feet  deep,  holding  20  tons  sands  or  12  tons  of 
slimes.  With  the  ore  are  charged  12  pounds  of  lime  to  neutral- 
ize any  active  acidity  and  to  aid  in  settling  the  slime.  For  a  ton 
of  ore  there  is  required  usually  one  ton  of  solvent,  rarely  1.5-2 
tons.  The  agitation  is  continued  until  a  sample  of  solution 
shows  the  enrichment  it  ought  to  have,  this  being  ascertained  by 
preliminary  tests.  When  agitation  has  been  stopped,  the  charge 
is  allowed  to  settle.  After  1-2  hours,  decantation  can  be  begun 
by  removing  the  plugs  one  after  another  from  the  3-inch  auger- 
holes  bored  in  the  sides.  Decantation  is  continued  until  there 
remains  not  more  than  one-half  inch  of  clear  solution  on  top  of 
the  slime.  The  decantation  of  the  strong  solution  is  followed 
by  two  washes  of  2  or  3  tons  of  water  per  ton  of  ore.  The 
whole  operation  takes  about  30  hours.  The  tailings  are  dis- 
charged at  the  bottom  into  a  launder.  The  gold  solution  is  col- 
lected in  a  vat  with  floating  drain  and  passes  through  the  zinc 
boxes.  Trouble  is  here  encountered  on  account  of  the  very 
weak  solutions,  the  original  solution  being^  greatly  diluted  by 
the  decantations.  The  author  overcame  the  difficulties  by 
periodically  allowing  the  zinc  shavings  in  the  extractor  to  stand 
in  contact  with  a  solution  very  much  stronger  than  the  normal 
(one-half  pound  cyanide  to  i  ton  solution)  in  order  to  remove 
incrustations  formed  by  the  weak  normal  solution.  He  did  this 
by  placing,  every  6  hours,  1.5  pounds  potassium  cyanide  in  the 
head  compartment.  The  extractor,  3  feet  wide  by  12  feet  long 
has  7  compartments,  the  first  four  are  18  X  18  inches,  the  last 
three  12  X  18  inches,  and  treats  30  tons  solution  in  24  hours. 
Most  of  the  cyanide  works  send  their  precipitated  gold  to  a 
United  States  assay  office  to  be  refined.  The  author,  after  ex- 
perimenting in  vain  with  sulphuric  acid  and  hydrochloric  acid, 
tried  nitric  acid,  which  worked  satisfactorily.  The  dissolved 
silver  was  precipitated  by  salt  and  the  chloride  decomposed  by 
fusion,  etc. 

Cyaniding  at  Qllt  Edge,  Montana.  By  M.  W.  Alderson. 
Min,  Set,  Press^  79,  408. — The  gangue  of  the  ore  is  porphyry 
and  altered  limestone  averaging  20  per  cent.  SiO,.  The  por- 
phyritic  ore  assays  $3-$io  and  the  limestone  as  high  as  $300  per 
ton,  average  ore  assay  $7.00.  Everything  down  to  $3.00  goes 
to  the  mill,  which  has  a  capacity  of  160  tons  per  day.  The  ore 
reduced  to  one-fourth  inch  size  is  charged  into  six  steel  vats  28 
feet  in  diameter  and  6  feet  deep,  each  holding  70  tons  of  ore.  It  is 
first  treated  with  a  solution  containing  4  per  cent,  cyanide 
(one-quarter  ton  solution  to  i  ton  ore),  which  remains  8  hours  in 
contact  with  it.  This  is  followed  by  the  leaching  solution,  0.24- 
0.25  per  cent,  cyanide,  which  percolates  in  52  hours,  and  the 
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leaching  solution  by  two  wash- waters  of  6.5  tons  each.  The  ore 
when  charged  contains  4  per  cent/water,  when  drained,  13  per 
cent.  In  the  leaching  room  there  are  besides  the  ore  vats,  two 
solution  tanks  (12  feet  in  diameter  and  4  feet  in  height) ,  one  sump 
tank  (14  X  4  feet)  and  one  water  tank  (14  X  12  feet).  In  the 
precipitating  room  are  six  zinc  boxes,  the  precipitated  gold  is 
treated  with  sulphuric  acid,  the  refined  bullion  is  900-1000  to 
950-1000  fine.  The  tailings  average  $1.00.  The  cost  of  treat- 
ment in  July,  1899,  was  $1.32  per  ton,  a  total  of  2800  tons 
being  handled.  There  was  consumed  about  one-eighth  pound 
potassium  cyanide  per  ton  of  ore. 

The  Pneumatic  Cyanide  Process.  By  J.  Webb.  Eng.  Min. 
y.,  68,  4. — The  idea  of  the  process  is  to  stir  with  compressed  air 
a  warmed  cyanide  solution,  thus  permitting  a  quick  treatment 
of  slimes  or  ores  crushed  very  finely,  and  a  degree  of  aeration 
otherwise  not  attainable.  The  process  is  still  in  the  experi- 
mental stage. 

Tlie  Pneumatic  Cyanide  Process.  By  A.  Dei.  Mar.  Eng, 
Min,  /.,  68,  94. — The  author  criticizes  the  process  on  account  of 
the  greatly  increased  consumption  of  cyanide  which  must  follow 
from  the  continuous  air-stirring  of  the  warmed  solution. 

Notes  on  Tuyeres  in  the  Iron    Blast-furnace.      By  J.   M. 

Hartman.  Trans,  Am.  Inst.  Min,  Eng.,  28,  666-673,  902-907. 
By  B.  F.  Fackenthal.     Ibid,,  28,  673-678,  858-872. 

Note  on  the  Use  of  the  Tri-axial  Diagram  and  Triangular 
Pyramid  for  Graphical  illustration.  By  H.  M.  Howe. 
Trans,  Am,  Inst,  Min,  Eng,,  28,  346-355,  894-901. — In  repre- 
senting graphically  the  properties  of  slags  the  tri-axial  d'agram 
serves  an  excellent  purpose.  To  illustrate  it,  the  author  has 
plotted  the  total  heats  of  solidification  of  an  extended  series  of 
lime-alumina-silicates  examined  by  Prof.  Akerman.  The  lines 
joining  the  points  of  equal  total  heat  of  solidification,  called 
**  isocals,"  tell  a  clearstory  of  the  relation  between  composition 
and  total  heat  of  solidification.  The  author  further  outlines  the 
use  of  a  triangular  pyramid  for  the  graphical  representation  of 
four  variables. 

Analysis  of  Blast-furnace  Qas  while  Blowing  In.     By  R.  H. 

SwEETSER.  Trans,  Am,  Inst,  Min,  Eng,  28,  608-6  [3. — The 
paper  is  a  record  of  analyses  of  the  gas  made  during  the  blow- 
ing-in  of  the  furnace  **  C*  of  the  Maryland  Steel  Co.,  at  Spar- 
row's Point,  Md.,  the  time  covered  being  from  12.26  p.m.  of  one 
day  to  2.45  P.M.  on  the  following  day.  With  the  analyses  are 
tabulated  the  revolutions  of  the  engine,  the  pressure  and  the 
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temperature  of  the  blast,  and  the  height  of  the  stock.  These 
figures,  as  well  as  the  conditions  of  normal  work,  are  graphically 
represented  to  facilitate  comparison. 

Note  on  the  Forms  Assumed  by  the  Charge  in  the  Blast- 
furnace, as  Affected  by  Various  Methods  of  Feeding.     By  P. 

FiRMSTONK.  Trans,  Am.  Inst.  Min.  Eng.,  28,  370-395. — This 
is  an  extended  illustrated  paper  on  the  effects  of  different  meth- 
ods of  feeding  on  the  distribution  of  ore,  flux,  and  fuel  in  the 
blast-furnace,  and  on  the  working  of  the  furnace  itself. 

Note  on  Slips  and  Explosions  in  the  Blast-furnace.       By  P. 

B.  Richards.  Trans.  Am.  Inst.  Min.  Eng.,  28,  604-608,  911- 
919. — Two  illustrations  accompanying  the  note  represent  the 
Claire  furnace  of  Sharpsville,  Pa.,  one  while  in  normal  condi- 
tion and  the  other  5  seconds  after  an  explosion  or  slip  had  taken 
place.  The  second  picture  shows  the  tremendous  force  of  the 
accidents  caused  by  the  use  of  fine  Menominee  and  Mesabi  ores. 
The  furnace,  75  feet  high,  with  a  16- foot  bosh,  a  10- foot  6- 
inch  hearth,  and  13  tuyeres,  was  working  an  ore  mixture  con- 
taining 37.5  per  cent  Mesabi  ore,  25  per  cent,  of  which  would 
pass  through  a  loo-mesh  sieve,  the  balance  coming  from  the 
Menominee  and  Marquette  ranges. 

The  Manufacture  of  5ulphur-free  ilineral  Wool.     By  A.  D. 

Elbbrs.  Eng.  Min.  /.,  68,  248-249. — The  paper  gives  a  re- 
view of  the  manufacture  of  mineral  wool  and  discusses  the  pro- 
cess invented  by  the  author  for  freeing  it  from  calcium  sulphide, 
a  substance  which  has  prevented  mineral  wool  from  being  used 
as  much  as  it  deserves.  The  process  consists  in  remelting  iron 
blast-furnace  slag  with  moderate  quantities  of  gypsum  or  other 
alkaline  earth  sulphates,  when  the  reaction  3CaSO^  + 
Ca(Mg,  Fe)S  =  3CaO  +  Ca(Mg,  Pe)0  +  4SO,  takes  place,  and 
the  sulphur  dioxide  is  carried  away  by  the  gases,  the  atmos- 
phere in  the  cupola  being  sufficiently  oxidizing  to  prevent  its 
reduction.  Some  of  the  gypsum  charged  cannot  but  be  super- 
ficially reduced  to  calcium  sulphide,  and  has  to  be  reoxidized 
by  the  remaining  sulphate ;  thus  more  gypsum  is  required  than 
is  called  for  by  the  formula. 

The  Utilization  of  Blast-furnace  Slag.  By  A.  D.  Ei.bkrs. 
Eng  Min.  J.,  67,  649-650,  708. — The  author  discusses  the  pos- 
sible uses  to  which  iron  blast-furnace  slags  have  been  and  can 
be  put,  and  then  takes  up  their  desulphurization. 

The  Kytchtym  Medal.  By  P.  Prazer.  Trans.  Am.  Inst. 
Min.  Eng.,  a8,  613-617,  848-854. 
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Blast-furnace  and  Cupola  Practice.  By  £.  S.  Cook.  /. 
Am.  Faundrymen^s  Assoc,,  6,  295-313;  Iron  Age,  63,  May  11^ 
i8gg. — The  paper  compares  in  a  general  way  the  work  in  the 
blast-furnace  and  the  foundry  cupola.  The  following  points  are 
not  generally  known  :  i .  Iron  run  into  chilled  molds  contains 
more  graphitic  carbon  than  when  run  into  sand  beds.  Thus 
cast  No.  81,  of  the  Warwick  furnace,  showed  in  chilled  molds : 
graphitic  C,  2.87  ;  combined  C,  0.48  ;  total  C,  3.35  ;  Mn,  0.42  ; 
P,  0.36;  S,  0.017;  Si,  1.50;  and  in  sand  molds  graphitic  C,  2.57  ; 
combined C,  0.42 ;  totalC,2.99;  Mn,o.4i  ;  P,  0.36;  S,  o.oio;  Si, 
1.52,  the  reason  being  that  the  iron  molds  are  dry  and  frequently 
warm.  2.  In  casting  by  a  machine,  the  cold  iron  molds  will  have 
a  chilling  e£fect  on  the  iron,  and  disturbing  the  crystallization, 
will  interfere  with  the  usual  grading  by  fracture,  hence  a  new 
method  of  grading  (by  composition)  becomes  necessary.  The 
leading  components  being  silicon  and  sulphur,  the  grading 
ought  to  be  as  follows  : 

No.  a 
No.  z.  No.  2x.        No.  a,  soft.   No.  2,  plain.  No.  2,  stroog.  foundry. 

Silicon....  2.50-3.00  2.00-2.50  2.50-3.00  2.00-2.50  1.50-2.00  1.50-2.50 
Sulphur..   0.02  and     0.02  and     0.05  and     0.05  and     0.05  and     over  0.05 

less  less  less  less  less 

3.  The  furnaceman  as  well  as  the  foundryman  finds  a  guide  for 
the  quality  of  the  pig  in  casting  chill-cup  test-pieces,  as  iron  of 
certain  grades  will  not  take  a  chill.  At  Warwick,  for  example, 
iron  low  in  manganese  with  1.5  per  cent.  Si  and  that  with  0.03 
per  cent.  S  will  not  take  a  chill ;  with  i  .00  per  cent.  Si  and  0.02^ 
per  cent.  S  there  may  be  a  slight  chill;  with  0.08  per  cent.  S  the 
chill  will  be  one-half  inch  deep.  Pig  with  2-3  per  cent.  Si  and 
0.05  per  cent.  S  will  not  chill;  with  o.io  per  cent.  S  a  chill  will 
be  seen  in  spite  of  the  high  percentage  of  silicon.  The  chill 
produced  by  sulphur  is  very  different  from  that  resulting  from 
a  lack  of  silicon. 

Modern  Cupola  Practice  with  Special  Reference  to  the  Dis- 
cussion of  the  Physics  of  Cast-iron.  By  B.  S.  Summbrs. 
Trans.  Am.  Inst.  Min.  Eng.,  28,  396-413,  769-796,  884-893. — 
In  foundry  practice  it  is  held  by  many  that  the  silicon  is  the 
governing  element ;  the  author  disagrees  with  this  opinion,  be- 
lieving that  graphitic  carbon  controls  the  value  of  a  casting. 
While  the  most  prominent  function  of  silicon  in  foundry  iron  is 
that  it  promotes  the  formation  of  graphitic  carbon,  it  also  lowers 
the  saturation  of  iron  for  carbon.  Machinery  castings  of  close 
texture  should  contain  between  1.50  and  2.00  per  cent,  silicon 
and  may  reach  2.25  per  cent.;  light  hardware  may  contain  as 
much  as  3  per  cent,  silicon  ;  with  more  than  3  per  cent,  silicon, 
castings  become  brittle ;  for  ordinary  castings  sulphur,  which 
interferes  with  some  of  the  good  effects  of  silicon,  should  not 
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exceed  o.io  per  cent.,  and  had  best  be  kept  below  0.08  per  cent. 
While  pig-iron  rarely  contains  a  harmful  amount  of  sulphur,  it 
is  often  introduced  into  the  mixture  through  ferrosilicons,  some 
well-known  brands  of  which  the  author  found  to  contain  0.17- 
0.18  per  cent.  The  limit  of  phosphorus  for  most  cases  is  about 
i.oo  per  cent;  where  great  strength  is  required  the  percentage 
ought  to  be  much  lower.  As  to  manganese,  0.80  per  cent,  will 
hardly  be  noticed  and  it  may  reach  i.oo  per  cent.  On  account 
of  the  property  of  manganese  to  counteract  the  formation  of 
blow-holes  or  the  iron  becoming  spongy,  the  use  of  manganese 
is  desired  so  long  as  it  does  not  harden  the  iron.  As  to  the  forms 
of  carbon,  the  author  is  inclined  to  attribute  a  considerable  im- 
portance to  amorphous  temper  carbon,  and  believes  that  the 
closer  and  denser  fracture  of  charcoal-iron  over  coke-iron  may  be 
attributed  to  it.  The  reviewer  would  point  out  that  the  micro- 
photographs  of  Glinz,  published  in  Stahlund  Eisen,  1899,  page 
1062,  show  that  this  difference  in  fracture  is  due  rather  to  the 
more  uniform  distribution  of  graphite  than  to  the  presence  of 
temper  carbon.  As  to  the  relation  of  silicon  and  graphitic  car- 
bon, the  author  shows  by  analysis  that  an  increase  of  silicon 
does  not  have  a  corresponding  increase  in  the  graphitic  carbon  ; 
in  fact,  records  for  months  in  works  show  that  silicon  varying 
between  two  and  three  per  cent,  has  much  less  effect  on  the 
separation  of  carbon  as  graphite  than  is  usually  supposed.  The 
effect  of  silicon  seems  to  be  governed  more  by  the  temperature 
at  which  it  is  allowed  to  act.  The  higher  the  coke  consumption 
up  to  a  certain  limit,  and  with  it  the  larger  the  volume  of  blast, 
the  greater  will  be  the  total  carbon  and  the  percentage  of 
graphite.  Rusty  scrap-iron,  especially  if  much  corroded,  has  a 
tendency  to  make  iron  spongy. 

The  Manufacture  of  Car  Wheels.  By  G.  R.  Henderson. 
The  Foundry,  15,  48-53. — The  paper  discusses  the  control  by 
mechanical  tests  and  chemical  analyses  of  the  materials  used  in 
the  manufacture  of  the  finished  product.  Bars  of  wheel-iron  2 
inches  square  by  24  inches  should  stand,  with  supports  21 J 
inches  apart,  a  center  load  of  12,000-14,000  pounds  before 
breaking,  showing  a  deflection  of  0.2  inch  at  center ;  in  testing, 
the  amount  of  chill,  the  shrinkage,  and  the  fracture  should  be 
noted.  Car  wheels  should  show  the  following  limits  in  chem- 
ical composition  :  graphitic C,  2.75-3.00;  combinedC,  0.50-0.75  ; 
Si,  0.50-0.70  ;  Mn,  0.50-0.75  ;  S,  0.05-0.07  ;  and  P,  0.35-0.45 
per  cent. 

The  Malleable  Iron  industry:  Its  Development  in  the  United 
States.  By  G.  C.  Davis.  /.  Am.  Foundrymen's  Assoc,,  6, 
59-67. — This  paper  is  a  historical  one.     In  1853  there  were  five 
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foundries  in  this  country  making  malleable  castings.  At  present 
there  are  ninety  with  a  capacity  varying  from  one  to  eighty  tons 
per  day. 

The  Basic  Furnace  for  Malleable  Iron.  By  H.  C.  Whbkler. 
The  Foundry y  14,  247-250. — The  author  advocates  the  use  of  an 
8-10  ton  basic  open-hearth  furnace  for  foundries  having  a  ton- 
nage of  60-100  tons  per  day.  A  heat  would  be  tapped  into  a 
ladle  attached  to  an  overhead  traveling  crane,  and  its  contents 
poured  into  small  ladles  when  the  moulder's  floor  had  been 
reached.  While  pouring,  the  melting  furnace  would  be  re- 
charged and  the  fusion  well  under  way  before  the  pouring  was 
finished. 

Suggested  Improvements  in  the  Manufacture  of  Bar-iron. 

By  S.  Peters.  Proc,  Eng,  Soc,  Western  Pa,^  15,  222-230;  Iron 
^g^^  ^Z%^o,yii,T8g^^  14-15. — In  puddling  gray-forge  iron,  500- 
600  (sometimes  1,000)  pounds  of  iron  ore  are  required  per  ton  of 
muck  bar,  exclusive  of  tap-cinder  and  squeezer-cinder.  This 
forms  a  very  large  amount  of  slag  which  is  liable  to  retard  some- 
what the  process  ;  a  lack  of  cinder  is  perhaps  still  more  harm- 
ful, as  the  impurities  will  not  be  sufficiently  diluted  in  the  cin- 
der, and  will  with  the  slag  reenter  the  puddled  ball ;  further, 
the  refining  will  be  retarded,  and  hence  the  welding  of  the  gran- 
ules. The  improvement  suggested  is  to  melt  down  the  pig  in^ 
cupola,  transfer  to  a  Bessemer  converter,  and  desiliconize  and 
mostly  decarbonize  (Si,  o  05  ;  C,  0.5  ;  P,  0.5  ;  S,  0.05),  trans- 
fer the  liquid  metal  to  a  rotary  reverberatory  furnace  lined  with 
bauxite  or  magnesite,  remove  with  small  addition  of  raw  ore, 
carbon  and  phosphorus  making  as  acid  a  slag  as  is  permissible 
(say  15  per  cent.  SiO,).  By  delivering  to  the  balling  furnace 
metal  in  definite  quality  and  of  definite  composition,  and  by 
regulating  the  quality  and  quantity  of  the  slag,  more  uniform 
results  will  be  obtained  than  at  present ;  moreover,  more  work 
can  be  done  on  a  large  scale. 

The  Relations  between  the  Chemical  Constitution  and  the 
Physical  Character  of  Steel.  By  W.  R.  Webster.  Trans, 
Am,  Inst,  Min,  Eng,  28,  618-665,  876-883. — The  author  gives  a 
review  of  the  subject  accompanied  by  a  general  discussion  and 
tables,  to  which  the  reader  is  referred. 

Notes  on  the  Bertrand-Thiel  Process.  By  J.  Hartshorne. 
Trans.  Am,  Inst,  Min,  Eng,,  28,  254-264. — The  paper  is  a  re- 
port on  the  progress  made  with  this  process  since  1896.  It  gives 
the  titles  of  the  papers  published  on  the  process,  discusses  them 
briefly,  and  summarizes  the  results  obtained  at  Kladno,  using 
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pig  and  scrap,  cold  pig  iron  alone,  and  molten  metal  from  the 
blast-furnace. 

An  Explanation  of  the  Rapidity  of  the  Bertrand-Thiel 
Process.  By  H.  M.  Howb.  Eng.  Min,  /.,  68,  276-277. — 
In  this  process,  which  is  a  modification  of  the  basic  open-hearth 
process,  cast-iron  is  melted  down  in  one  furnace  and  the  elimina- 
tion of  phosphorus  and  silicon  started ;  scrap  and  ore  are 
melted  down  at  the  same  time  in  a  second  furnace  situated  at  a 
lower  level,  where  the  iron  becomes  somewhat  oxidized  ;  now  the 
metal  from  the  upper  is  tapped  into  the  lower  furnace  and  its 
slag  diverted  during  the  flow.  The  two  charges  react  quickly, 
and  the  carbon  and  phosphorus  are  rapidly  removed.  By  the 
removal  of  silicon  and  the  partial  elimination  of  phosphorus  in 
the  upper  furnace,  with  a  slag  that  is  not  very  basic  relatively 
little  lime  has  to  be  added  with  the  result  that  a  smaller  quan- 
tity of  slag  per  unit  of  iron  is  produced  than  in  the  regular  prac- 
tice, which  aims  to  remove  the  whole  of  the  phosphorus  in  one 
operation.  This  smaller  amount  of  slag  leaves  more  room  in  the 
furnace  for  the  metal  charge.  The  partly  treated  metal  charge 
free  from  slag  meets,  in  the  lower  furnace,  iron  oxide  containing 
very  little  slag,  hence  the  reaction  is  vigorous  and  the  amount 
of  slag  formed  small,  which  again  leaves  more  room  for  the 
metal.  The  higher  temperature  over  that  in  the  ordinary  pro- 
cess is  explained  by  the  higher  initial  temperature  of  the  sub- 
stances brought  together.  The  frothing  of  the  charge  in  the 
lower  furnace  during  the  boiling  period  is  less,  on  account  of  the 
smaller  amount  of  slag  and  its  higher  temperature. 


ASSAYING. 

H.  O.  HOPMAN,  Rbvxbwbr. 

Experiments  in  Sampling  Silver-Lead  Bullion.     By  G.  M. 

Roberts.  Trans,  Am.  Inst,  Min,  Eng,,  28,  413-427. — The 
conclusions  arrived  at  by  the  author  as  a  result  of  his  experi- 
ments are  that  dip-samples  and  .saw-samples  give  the  only  true 
results,  and  that  the  chip-samples  from  top  and  bottom  are  un- 
satisfactory. For  casting  a  bar  from  a  set  of  samples,  the  author 
advocates  melting  down  quickly  in  a  red-hot  crucible.  He 
found  that  no  loss  b>r  volatilization  took  place  in  melting,  and 
that  the  loss  by  absorption  in  cupelling  400-oz.  bullion  was  not 
more  than  0.06  oz.  per  ton. 

The  Calkins  Cupel  Machines.  By  R.  P.  Rothwei.1,.  Eng, 
Min,  J,,  68,  639. — A  compact  apparatus  is  described  for  com- 
pressing cupels  by  a  compound  hand-lever  with  die  and  two 
disks  serving  as  mould  and  support. 
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Scoriflcation  and  Cupellation  without  riuffle.  A  New  Fur- 
nace and  ilethod  lor  Qold  and  Silver  Assays.    By  G.  A. 

KoKNiG.  Trans.  Am.  Inst.  Min.  Eng.,  a8,  271-288. — The  au- 
thor describes  and  illustrates  a  furnace  constructed  by  him  com- 
bining the  crucible  and  muffle  furnace.  It  consists  of  an  oblong 
brick  chamber  closed  at  the  bottom  by  a  tile  and  at  the  top  by  a 
hinged  roof.  The  heat  is  supplied  at  the  back  by  a  gas  or  gas- 
oline flame,  which  heats  the  six  Battersea  P.  crucibles  that  the 
furnace  holds.  For  scorification-  and  cupellation-assays  a  nar- 
row fire-clay  tile  is  placed  longitudinally  in  the  furnace  to  carry 
the  scorifiers  or  cupels.  The  gas  flames  travel  underneath  the 
tile  and  rise  at  the  front  where  there  are  blowpipes  to  furnish 
the  air  necessary  for  oxidation.  The  author  finds  that  his 
cupellation  results  compare  favorably  with  those  obtained  in  the 
muffle  as  to  accuracy,  and  have  the  advantage  of  taking  from 
one-fourth  to  one-sixth  the  time  required  by  the  ordinary 
method,  and  of  making  the  work  easier  for  the  assayer,  who  has 
not  to  suffer  from  any  heat  whatever.  By  this  new  method  of 
cupelling,  the  lead  is  little  absorbed  by  the  bone-ash  of  the  cupel, 
which  does  not  become  very  hot,  but  is  rather  volatilized. 

Proof  Qold  and  Silver.  By  C.  Whitehead.  Eng.  Min.  J., 
68,  785-786. — The  method  for  proof  gold  consists  in  rolling  out 
the  gold  to  a  ribbon,  treating  in  a  flask  with  hydrochloric  acid, 
to  which  nitric  acid  is  added  until  the  solution  is  completed, 
evaporating  to  dryness,  with  the  addition  of  hydrochloric  acid 
if  necessary,  to  remove  all  nitric  acid,  adding  a  few  cubic  centi- 
meters of  hydrobromic  acid,  diluting  with  water  to  i  oz.  Au  in 
I  gal.,  agitating,  allowing  to  settle,  siphoning  off  the  clear  gold 
solution  through  a  double  filter,  without  disturbing  the  precipi- 
tate or  washing  the  filter,  and  precipitating  the  gold  with 
sulphurous  acid.  The  gold  is  redissolved,  etc.,  but  now  pre- 
cipitated with  a  warm  solution  of  concentrated  oxalic  acid  solu- 
tion and  the  precipitations  are  repeated  and  the  precipitate  washed 
with  water,  nitric  acid,  water,  hydrochloric  acid,  and  water. 
The  pure  gold  is  melted  with  one-fifth  of  its  weight  of  3  parts 
of  fused  borax  and  i  part  of  niter  in  a  porcelain  crucible  and 
cast  into  a  chalked  mould.  The  bar  is  cleaned  by  brushing  and 
heating  with  hydrochloric  acid,  dried,  cut  up,  rolled,  the  rib- 
bons are  boiled  in  acid,  washed,  and  heated  to  redness  in  a  muf- 
fle. The  method  for  silver  consists  in  wrapping  fine  (999)  silver 
in  filter-paper  and  enclosing  it  in  a  cotton  bag  and  then  electro- 
lyzing  with  silver  nitrate  containing  i  per  cent,  free  nitric  acid 
as  electrolyte.  Pure  silver  crystals  are  deposited  on  the  cathode. 
They  are  washed,  dried,  melted  with  the  gold  flux,  the  bar  is  re- 
melted,  but  without  any  flux,  and  the  melted  silver  stirred  with 
wood  to  remove  occluded  oxygen.     It  is  poured  into  a  chalked 


AssaytJig,  59 

mould,  cleaned  by  brushing,  and  with  dilute  sulphuric  acid,  and 
washed,  dried,  and  rolled  out  ready  for  use. 

Assayinsr  Telluride  Ore  for  Gold.  By  R.  W.  Lodge.  Tech, 
Quart,,  12,  171-174. — The  author  compares  the  scorification  and 
the  crucible  methods  for  the  assay  of  telluride  gold  ores,  and 
concludes  that  satisfactory  results  can  be  obtained  with  either, 
as  long  as  the  samples  are  ground  sufficiently  fine,  with  rich  ores 
through  a  sieve  of  not  less  than  140  meshes  to  the  linear  inch. 

A  New  Assay  lor  Mercury.  By  R.  E.  Chism.  Trans,  Am, 
Inst.  Min,  Eng,^  28,  444-452. — The  method  described  is  a  modi- 
fication of  the  one  devised  by  Eschka.  A  Battersea  gold- 
annealing  cup,  size  C,  fitted  into  a  circular  opening  of  a  piece  of 
tin  plate  so  as  to  protrude  about  i  cm.,  holds  the  charge  of  |to 
I  gram  of  ore  mixed  with  5  grams  of  prepared  iron  filings.  It  is 
heated  with  a  spirit  lamp  having  a  wick  6  mm.  in  diameter,  drawn 
out  to  produce  a  flame  4  to  5  cm.  high.  The  volatilized  mer- 
QVLiy  is  condensed  on  a  piece  of  silver  foil,  about  5  cm.  square, 
which  is  kept  cool  by  a  flat  silver  or  copper  dish  5I  to  frj  cm.  in 
diameter,  and  somewhat  over  i  cm.  high,  holding  about  20  cc. 
of  water.  The  time  required  for  an  assay  is  ten  to  fifteen 
minutes.  After  weighing  the  silver  foil,  it  is  placed  again  on 
the  crucible,  which  is  heated  for  ten  minutes  more  to  see  if  there 
is  any  gain  in  weight.     The  results  are  accurate. 
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Some  Double  Halides  of  Cadmium  with  the  flethyiamines 
and  Tetramethylammonium.  By  C.  D.  Ragland.  Am. 
Chem.  y.,  22,  417-434. — These  double  salts  were  prepared  by 
bringing  together  concentrated  solutions  of  the  separate  salts. 
The  volumes  of  the  solutions  were  so  taken  as  to  vary  the 
molecular  proportions,  making  a  series  in  which  the  salts  varied 
from  a  I  :  4  to  a  4  :  I  mixture.  When  solutions  of  methylamine 
hydrochloride  and  cadmium  chloride  were  mixed  in  varying  pro- 
portions, only  one  salt  could  be  obtained,  that  of  the  2  :  i  type. 
With  cadmium  chloride  in  large  excess  there  was  some  evidence 
of  another  salt,  but  it  could  not  be  •obtained  in  pure  condition. 
Methylamine  hydrobromide  and  cadmium  bromide  form  two 
salts  representing  the  i  :  i  and  the  2  :  i  types.  It  was  impossi- 
ble to  prepare  the  double  iodides.  Dimethylamine  hydrochlo- 
ride and  cadmium  chloride  form  three  salts  in  which  the  pro- 
portions of  the  former  to  the  latter  are  1:1,1:2,  and  3:2.  The 
double  bromides  likewise  form  three  salts,  but  of  the  types  1:1, 
2:1,  and  I  :  4.  Dimethylamine  iodide  and  cadmium  iodide  form 
one  salt  in  which  the  ratio  is  i  :  i.  Trimethylamine  hydrochlo- 
ride and  the  hydrobromide  with  the  corresponding  cadmium 
salts  each  give  two  double  salts  of  the  same  types,  i :  i  and  3:2. 
Trimethylamine  iodide  and  cadmium  iodide  form  the  i :  i  and 
2  :  I  salts.  Tetramethylammonium  chloride  forms  with  cadmium 
chloride  the  one  salt  in  which  the  proportions  are  1:1.  The 
I  :  I  and  2  :  i  salts  are  formed  with  tetramethylammonium  bro- 
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mide  and  cadmium  bromide  and  with  tetramethylammonium 
iodide  and  cadmium  iodide.  The  3:2,  1:2,  and  i  :  4  salts  have 
no  analogues  among  the  double  halides  of  the  alkali  metals  and 
ammonium  with  cadmium. 

5ome  Double  Halides  of  Tin  with  the  Aliphatic  Amines  and 
with  Tetramethylammonium.  By  C.  G.  Cook.  Am,  Chem, 
/.,  22,  435-446. — These  salts  show  a  marked  regularity  through- 
out the  series.  With  the  single  exception  of  the  triethylamine 
chlorstannate,  which  is  a  3  :  i  salt  of  the  composition  [(C,Hj), 
NH],SnCl«,  all  of  the  series  are  i  :  1  or  2  :  i  salts.  The  double 
salts  formed  by  bringing  together  the  chlorides  of  methyl,  di- 
methyl, trimethyl,  ethyl,  triethyl,  and  tetramethylammonium 
with  stannous  chloride  are  all  of  the  i  :  i  type.  Stannous  bro- 
mide forms  the  i :  i  type  with  the  bromides  of  methyl-,  dimethyl-, 
and  ethylamine.  All  of  the  above  amine  salts  give  with  the 
corresponding  halogen  salt  of  stannic  tin,  the  2:1  type  of  salt. 
In  addition,  trimethylamine  and  triethylamine  bromstannate  are 
described.  Both  are  2  :  i  salts.  When  stannous  chloride  was 
mixed  with  triethylamine  hydrochloride  oxidation  always  took 
place,  so  that  from  such  solutions  it  was  possible  to  isolate  only 
the  chlorstannate. 

Notes  on  the  Double  Halides  of  Tin  with  the  Organic  Bases. 

By  George  M.  Richardson  and  Maxwell  Adams.  Am, 
CJiem.J.y  22,  446-449. — The  authors  describe  a  few  additional 
salts  of  this  series  which  were  not  found  by  Slagle  (this  Rev.,  5, 
29) .  Tetraniline  chlorstannate  was  obtained  by  concentration  of 
solutions  of  aniline  hydrochloride  and  stannous  chloride,  after 
the  first  crop  of  crystals,  dianiline  chlorstannite,  had  been  re- 
moved. Dimethylaniline  chlorstannite,  C6H^NH(CH,),.SnCl,. 
^H,0,  was  prepared  in  the  same  way,  and  is  entirely  analogous 
to  the  corresponding  toluidine  compounds  described  by  Slagle. 
Aniline  bromstannite,  C,H*^NH,SnBr„  dianiline  bromstannate, 
(C,HjNH,),SnBr„  and  tetraniline  bromstannate, 

(C,H,NH.),SnBr., 

were  prepared  and  described. 

On  the  Effect  of  Various  Solvents  on  the  Allotropic  Change 
of  Mercuric  iodide.  Bv  J.  H.  Kastle  and  Mary  E.  Clark. 
Am,  Chem.  /.,  22,  473-484. — Kastle  had  previously  observed 
that  the  yellow  modification  of  mercuric  iodide  could  be  obtained 
by  dissolving  the  red  modification  in  boiling  amyl  alcohol  and 
allowing  the  solution  to  cool.  The  authors  have  now  studied 
the  solutions  of  mercuric  iodide  in  a  large  number  of  organic 
solvents  of  different  boiling-points.  With  the  exception  of  the 
solutions  in  the  alkyl  halides,  which  were  colored  pink  due  to  a 
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small  amount  of  double  decomposition,  all  solvents  tried  were 
colored  yellow.  From  these  solutions  the  yellow  modification 
crystallized,  but  on  standing  it  gradually  passes  back  into  the 
red  form.  When  an  excess  of  red  mercuric  iodide  is  used  in  a 
solvent  some  of  the  solid  is  changed  to  the  yellow.  The  yellow 
crystals  which  come  out  of  solution  are  soon  converted  into  red 
on  coming  in  contact  with  the  red  variety.  Low-boiling  liquids 
apparently  produce  the  conversion  as  well  as  high-boiling 
liquids.  Mercuric  iodide,  like  phosphorus,  appears  capable  of 
existing  in  solution  and  in  the  form  of  vapor  only  in  the  condi- 
tion of  the  yellow  compound,  and  this  is  either  identical  with  or 
a  polymer  of  the  solid  yellow  mercuric  iodide. 

The  Preparation  of  Pure  Tellurium.  By  James  P.  Norris, 
Henry  Fay,  and  D.  W.  Edgerly.  Ant,  Chem,  /.,  23,  105- 
119. — This  paper  is  a  preliminary  study  of  methods  for  the 
preparation  of  a  pure  material  which  might  be  used  for  a  deter- 
mination of  the  atomic  weight  of  tellurium.  The  tellurium  was 
obtained  from  a  residue  produced  in  the  electrolytic  refining  of 
copper.  The  residue  was  extracted  with  strong  hydrochloric 
acid,  and  from  this  solution  the  tellurium  was  precipitated  with 
acid  sodium  sulphite.  Much  of  the  selenium  which  is  invaria- 
bly present  may  be  removed  by  filtering  off  the  first  precipitate 
produced  by  acid  sodium  sulphite.  Further  addition  of  sulphite 
throws  out  the  tellurium  with  traces  of  other  elements  which  may 
be  present.  To  purify  the  crude  metal  it  was  added  to  warm, 
dilute  nitric  acid  (sp.  gr.  1.25),  and  the  resulting  solution  evapo- 
rated to  dryness,  in  order  to  insure  complete  removal  of  silica. 
The  basic  nitrate  of  tellurium  was  converted  into  oxide,  ex- 
tracted with  hydrochloric  acid,  and  from  this  solution  it  was 
again  precipitated  as  a  metal,  dissolved  in  dilute  nitric  acid,  and 
the  basic  nitrate,  Te,0,(OH)NO„  obtained  by  crystallization. 
Two  crystallizations  rendered  it  perfectly  pure.  It  was  shown 
to  be  free  from  selenium  dioxide  by  a  delicate  reaction  based  on 
the  fact  that  selenium  dioxide  liberates  iodine  while  the  tellu- 
rium is  converted  into  tetraiodide.  Other  impurities  were 
tested  for  but  not  found  present.  The  basic  nitrate  of  tellurium 
crystallizes  from  strong  nitric  acid  solution  in  well-developed 
orthorhombic  prisms,  which  are  entirely  stable  in  the  air.  Di- 
lute nitric  acid  decomposes  the  basic  nitrate  of  tellurium  with 
formation  of  the  dioxide.  The  basic  nitrate  does  not  begin  to 
decompose  until  heated  to  170''.  At  190°  the  oxides  of  nitrogen 
begin  to  be  evolved.  When  heated  slowly  to  a  higher  tempera- 
ture, decomposition  continues  until  it  is  converted  into  the  oxide. 
By  rapid  fusion  of  the  oxide,  after  previous  slow  heating,  very 
accurate  determinations  could  be  made.  To  test  the  homo- 
geneity of  tellurium  a  fractionation,  involving  215  crystalliza- 
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tions,  of  the  double  bromide  of  tellurium  and  potassium  was  car- 
ried out.  This  salt  was  prepared  from  carefully  purified  ma- 
terials. There  were  no  indications,  during  the  fractionation,  of 
any  change  in  the  salt,  so  that  it  was  necessary  to  make  an 
analysis  of  the  end  fractions.  To  this  end  the  basic  nitrate, 
made  from  the  double  tellurium  bromide,  was  decomposed  in  a 
platinum  crucible  arranged  with  several  disks  over  which  the 
escaping  gases  were  forced  to  pass  in  order  to  avoid  mechanical 
loss.  The  decomposition  was  accomplished  slowly  by  heating 
at  various  periods  to  a  gradually  increasing  temperature.  The 
oxide  was  finally  fused  quickly  in  the  oxidizing  flame  of  a  Bun- 
sen  burner.  The  analysis  of  the  nitrate  prepared  from  the  tel- 
lurium from  the  fraction  which  would  contain  the  most  soluble 
portion,  gave  83.45  and  83.44  per  cent,  of  TeO, ;  from  the  least 
soluble  portion,  83.48  and  83.49  per  cent.  TeO,.  The  fractiona- 
tion, therefore,  did  not  effect  any  decomposition  of  the  tellurium 
which  could  be  detected  by  a  method  capable  of  giving  results 
accurate  to  0.4  of  a  unit  in  the  atomic  weight. 

The  Reduction  of  Selenium  Dioxide  by  Sodium  Thiosulphate. 

By  James  F.  Norris  and  Henry  Fay.  Am,  Chem,  /.,  23,  119- 
125. — In  a  previous  paper  {this  Rev,,  4,  31)  a  volumetric  method 
for  the  determination  of  selenium  dioxide  was  described.  It  was 
based  on  the  reaction  between  selenium  dioxide  and  sodium  thio- 
sulphate, four  molecules  of  the  latter  reacting  with  one  of  the 
former.  It  was  not  known  at  the  time  what  was  the  nature  of 
the  reaction,  but  the  reaction  is  now  shown  to  proceed  according 
to  the  equation  : 

SeO,  +  4Na,S,0.  +  4HCI  = 

Na,S,SeO,+  Na.S.O.  +  4NaCl  +  2H.O. 
The  formation  of  sodium  selenopentathionate,  similar  to  potas- 
sium pentathionate,  seemed  probable  since  no  selenium  was  pre- 
cipitated in  the  reduction.  A  solution  prepared  by  mixing  the 
constituents  in  the  proportions  represented  in  the  equation,  gave 
all  tne  characteristic  reactions  of  the  pentathionates  with  the  ex- 
ception that  selenium  was  precipitated  instead  of  sulphur.  At- 
tempts to  isolate  the  sodium  selenopentathionate  were  not  suc- 
cessful. Tellurium  seems  to  form  an  analogous  compound.  In 
reply  to  a  criticism  by  Mr.  Norton  (this  Rev,,  5,  89)  the  authors 
have  again  studied  the  conditions  under  which  the  volumetric 
method  can  be  most  accurately  carried  out.  It  was  found  that 
Mr.  Norton  had  confused  excess  of  acid  with  amount.  The 
amount,  however,  which  was  recommended  by  the  authors  is 
more  than  is  absolutely  necessary,  although  it  does  not  interfere 
with  the  accuracy  of  the  method.  It  is  shown  that  low  tempera- 
ture and  the  presence  of  acid  have  great  influence  on  the  delicacy 
of  the  starch  reaction. 
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The  Double  Halides  of  Antimony  with  Aniline  and  the  Tolui- 
din^s.  By  Howard  H.  Higbee.  Am,  Chem.J.,  23,  150-173. 
— Mixtures  of  the  halide  of  the  base  were  brought  together  with 
the  antimony  halide,  each  constituent  having  been  previously 
dissolved  in  the  corresponding  halogen  acid.  From  the  various 
mixtures  of  aniline  hydrochloride  and  antimony  trichloride,  tri- 
aniline  chlorantimonite,  (C.H..NH,.HCl),.SbCl,.H,0,  crystal- 
lized from  most  of  the  mixtures  ;  from  the  mixture  in  which  the 
proportion  of  base  to  antimony  was  i  :  2,  monaniline  chloranti- 
monite, C.Hj.NH,.HCl.SbCl,.H,0,  was  obtained.  From^-tolui- 
dine  hydrochloride  and  antimony  trichloride  only  one  salt  was 
isolated,  di-<?-toluidine  chlorantimonite,  (C,H^.CH,.NH,.HC1),. 
SbCl, ;  w-toluidine  hydrochloride  gave  two  salts,  tri-w-toluidine 
chlorantimonite,  (C,H,.CH..NH,.HCl),.SbCl,.  and  di-w-tolui- 
dine  chlorantimonite,  (C6H,.CH,.NH,.HCl),.SbCl,  H,0  ;  ;^-tol- 
uidine  hydrochloride  likewise  gave  two  salts,  di-^-toluidine 
chlorantimonite,  (C5H,.CH,NH,.HCl),.SbCl,.iH,0,  and  tri-/- 
toluidine  chlorantimonite,  (C.H,.CH,.NH..HCl),.SbCl,.H,0. 
Aniline  hydrobromide  and  antimony  tribromide  yielded  the  two 
salts  (C«H,.CH,.NH,.HBr),.SbBr,  and  (C.H,.CH..NH,.HBr),. 
SbBr,.H,0.  One  salt,  tri-(7-toluidine  bromantimonite  (C,H^. 
CH,.NH,.HBr),.SbBr,  was  obtained  from  ^^-toluidine  hydrobro- 
mide and  antimony  tribromide ;  m-toluidine  hydrobromide  also 
gave  but  one  salt  in  which  the  ratio  of  base  to  antimony  was 
2:1;  ^-toluidine  hydrobromide  gave  three  salts  in  which  the 
ratios  of  base  to  antimony  were  respectively  2  :  i ,  3  :  i ,  and  4:1. 
In  dry  air  all  three  compounds  are  canary-yellow,  but  lose  their 
color  on  contact  with  moisture.  Aniline  hydriodide  gave  with 
antimony  triiodide  three  salts  in  which  the  ratios  of  base  to  anti- 
mony were  1:1,  3:2,  and  4:1.  From  (7-toluidine  hydriodide 
and  antimony  triiodide  the  i  :  i  and  3  :  2  salts  were  obtained  ; 
from  »i-toluidine  hydriodide  the  3 :  2  salt ;  from  ^-toluidine  hy- 
driodide the  I  :  I  salt. 

A  Preliminary  5tudy  of  the  Cobalticyanides.     By  E.    H. 

MiLi^ER  AND  J.  A.  Mathews.  /.  Am.  Chem.  Soc,  22,  62-69. — 
The  cobalticyanides  of  silver,  mercury,  copper,  bismuth,  cad- 
mium, iron,  manganese,  zinc,  cobalt,  and  nickel  were  made  by 
bringing  together  half-normal  solutions  of  potassium  cobalticya- 
nide  with  half-normal  solutions  of  the  metals.  The  composition 
of  the  precipitates  and  their  solubilities  in  various  reagents  were 
studied  qualitatively  only. 

■ 

The  Carbide  of  Qold.  By  J.  A.  Mathews  and  L.  L.  Wat- 
TERS.  /.  Am.  Chem,  Soc,  22,  108-111. — Bypassing  acetylene 
into  a  strongly  ammoniacal  solution  of  sodium  aurous  thiosul- 
phate  there  is  formed,  after  some  time,  a  yellow,  flocculent  pre- 
cipitate  which,  after  having  been  dried  over  sulphuric  acid, 
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gives  on  analysis  fijjjures  which  correspond  to  the  formula  Au,C,. 
Carbide  of  gold  is  highly  explosive.  Water  decomposes  it  into 
its  elements  ;  hydrochloric  acid  liberates  acetylene. 

On  the  Decomposition  of  Niclcel  Carbonyl  in  Solution.    Bt 

Victor  Lbnhbk  and  Hermann  A.  Loos.  /.  Am,  Chem.  Soc, 
22,  114-116. — The  authors  have  confirmed  the  experiments  of 
Berthelot,  Mond,  and  others,  that  nickel  carbonyl  is  decomposed 
by  moisture.  When  dissolved  in  acetone,  chloroform,  benzene, 
toluene,  or  methyl  alcohol,  there  is  produced  a  green  precipi- 
tate, the  composition  of  which  seems  to  be  variable. 
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Some  New  flinerals  from  the  Zinc  nines  at  Pranlclin,  N.  J., 
and  Note  Concerning  the  Chemical  Composition  of  Qanomalite. 

By  S.  L.  Penpield  and  C.  H.  Warren.  Am,  J.  Sci.,  158, 
339-353. — The  new  minerals  hancockite,  nasonite,  glaucochroite, 
and  leucophoenicite  were  taken  mostly  from  the  looo-foot  level  of 
the  Parker  Shaft  on  North  Mine  Hill,  where  they  are  associated 
with  native  lead  and  copper,  clinohedrite,  roeblingite,  axinite, 
willemite,  vesuvianite,  datolite,  barite,  garnet,  phlogopite,  and 
franklinite.  Careful  analyses  were  made  of  each  of  the  new  min- 
erals, and  their  formulae  computed,  i.  Hancockite.  This  is  a 
brownish-red  mineral  crystallizing  in  very  minute,  lath-shaped 
crystals,  resembling  those  of  epidote,  of  hardness  6.5-7,  ^°^ 
specific  gravity  4.030.  The  analysis  gives  the  empirical  formula 
H.R",(R'".OH)R"',(SiOJ.  or  R".(R'".OH)R'".(SiO,),.  The  gen- 
eral formula  is  that  of  epidote,  differing  principally  in  having  the 
bivalent  metals  lead  (18.53  percent.)  and  strontium  (3.89  per 
cent.)  isomorphous  with  calcium.  It  should  be  placed,  there- 
fore, in  the  epidote  group  next  to  piedmontite.  It  is  named  after 
E.  P.  Hancock,  of  Burlington,  N.  J.  2.  Glaucochroite.  Glau- 
cochroite occurs  in  small  orthorhonibic  prisms  or  columnar  ag- 
gregates, and  is  sometimes  twinned.  It  has  a  hardness  of  about 
6,  a  specific  gravity  of  3.407,  and  in  color  is  a  delicate  bluish- 
green.  The  analysis,  disregarding  1.74  per  cent,  of  lead,  gives 
the  formula  CaMnSiO^,  which  places  it  next  to  monticellite  in 
the  chrysolite  group.  The  name  is  from  the  Greek,  meaning 
bhu'green  color,  3.  Nasonite.  This  is  a  white,  massive  mineral 
with  greasy  to  adamantine  luster,  hardness  about  4,  specific 
gravity  5.425,  and  usually  shows  numerous  inclusions  of  axinite, 
garnet,  and  glaucochroite.  Its  crystallization  is  probably  tetrag- 
onal, though  this  could  not  be  proved.  The  analyses  show  the 
general  formula  to  be  R,oCI,Si.O,i,  in  which  R  is  mostly  lead  and 
calcium.     Allowing  for  a  few  particles  of  clinohedrite  that  were 
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noticed  intimately  associated  with  the  nasonite  the  empirical  for- 
mula Pb«Ca,Cl,(Si,0,).  or  Pb,(PbCl)VCa,(Si,0,).  ^s  obtained. 
It  is  named  for  F.  L.  Nason,  West  Haven,  Conn.  4.  Leuco- 
phoenicite.  This  mineral,  which  is  conspicuous  on  account  of  its 
light  purplish-red  color,  occurs  in  small  crystalline  masses  hav- 
ing vitreous  luster,  hardness  5.5-6,  and  specific  gravity  3.848. 
The  system  of  crystallization  could  not  be  determined  but  is 
probably  inclined.     The  analyses  gave  the  formula 

R.(R.OH)\(SiO,)„ 

in  which  R  is  mostly  Mn,  but  with  some  Zn  and  Ca.  Structur- 
ally it  is  the  exact  equivalent  of  humite.  The  name  is  from  the 
Greek,  TaQ2j\\vi%  pale  purple-red,  5.  Chemical  Composition  of 
Ganomalite.  Prom  a  study  of  analyses,  and  of  the  analogous 
mineral  nasonite,  the  authors  are  led  to  discard  the  formula 
Pb,Ca,Si,0,,  for  ganomalite  and  to  substitute  the  formula 
PbXPb.OH),Ca,(Si,0,),.  Both  nasonite  and  ganomalite  are 
salts  of  the  acid  H.Si.O,,  which  is  intermediate  between  the 
orthosilicic  acid  H^SiO^  and  metasilicic  acid  H,SiO,.  The  name 
mesosilicic  acid  (meso  from  the  Greek,  meaning  between)  is  sug- 
gested for  this  intermediate  acid  in  place  of  Groth*s  name  di- 
orthosilicic  acid^  which  the  authors  consider  inappropriate,  as  the 
acid  in  question  is  not  an  orthosilicic  acid,  as  the  name  would 
signify,  but  is  a  derivative  of  orthosilicic  acid. 

Andesites  of  the  Aroostook  Volcanic  Area  of  Haine.     By 

Herbert  E.  Gregory.  Am,  J,  Sci,,  158,  359-369. — The  paper 
includes  descriptions  of  the  field  relations  and  petrography  of 
the  andesite  area  in  the  towns  of  Chapman,  Mapleton,  and  Cas- 
tle Hill,  Aroostook  Co.,  Maine.  The  andesites  are  Paleozoic 
lava  flows  and  breccias,  with  their  associated  tuffs,  lying  upon 
the  upturned  edges  of  Silurian  sandstone.  The  augite  and  horn- 
blende types  predominate,  but  stages  between  andesite  and 
trachyte,  and  also  dacite  facies  are  sometimes  found.  Exhaust- 
ive analyses  show  that  the  Maine  andesites  agree  with  the  types 
of  their  class.  No  more  alteration  is  found  than  in  many  of  the 
comparatively  recent  flows. 

On  a  New  Hode  of  Occurrence  of  Ruby  in  North  Carolina. 

By  J.  W.  JuDD  AND  W.  E.  Hidden.  Crystallograpliic  Notes. 
By  J.  H.  Pratt.  Am,  J,  Sci,,  158,  370-381. — The  Cowee  dis- 
trict, which  is  the  locality  of  the  rubies  described,  is  in  Macon 
County,  a  few  miles  north  of  the  town  of  Franklin.  The  rubies 
occur  mostly  in  tabular  rhombohedral  or  short  prismatic  crystals 
in  a  basic,  garnet-bearing,  crystalline  rock,  and  often  inclose 
small  crystals  of  the  garnet  rhodolite.  The  mode  of  occurrence 
resembles  in  many  points  that  of  the  rubies  in  the  crystalline 
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limestone  of  Burma.  The  difference  in  the  matrix  in  the  two 
instances  would  be  of  less  significance  if  it  could  be  established, 
as  has  been  urged  by  one  of  the  authors,  that  the  Burma  lime- 
stone has  resulted  from  the  slow  alteration  of  a  lime  feldspar. 

Note  on  a  New  rieteoric  Iron  found  near  Iredell,  Bosque 
County*  Texas,  U.  S.  A.  By  Warren  M.  Foote.  Am.  J. 
Sd.,  158,  415-416. — This  meteorite,  some  three  pounds  in 
weight,  presented  a  somewhat  rusty  surface  with  a  slight  exuda- 
tion of  lawrencite  and  streaks  of  schreibersite.  The  cleavage, 
though  not  well  marked,  was  apparently  dodecahedral.  An 
analysis  showed  the  presence  of  93.75  per  cent,  of  iron,  5.51  per 
cent,  of  nickel,  and  slight  amounts  of  cobalt,  phosphorus,  and 
sulphur.  Weak  etching  figures  were  developed  by  dilute  nitric 
acid. 

On  a  New  Occurrence  of  Nephellne  Syenite  in  New  Jersey. 

By  F.  Leslie  Ransome.  Am.  /.  Sci.,  158,  417-426. — The 
syenite  described  was  found  near  the  town  of  Brookville,  where 
it  occurs  in  gabbroitic  trap  intrusive  into  the  Newark  formation. 
The  exposures  are  not  sufficiently  good  to  definitely  establish 
the  relations  of  the  syenite  and  trap,  but  the  author  considers 
that  the  syenite  is  to  be  regarded  as  dike-like  intrusions,  or  in- 
closures  brought  up  from  some  underlying  formation,  rather  than 
as  a  product  of  magmatic  differentiation  of  the  trap.  The  sye- 
nite is  of  three  varieties,  nepheline  syenite,  hornblende  syenite, 
and  biotite  syenite.  In  addition  to  the  description  of  the  occur- 
rence and  characters  of  the  rock  a  very  complete  chemical  analy- 
sis is  given. 

On  Qraftonite,  a  New  Mineral  from  Qrafton,  New  Hamp- 
shire, and  Its  Intergrowth  with  Triphylite.  By  S.  L.  Pen- 
FiELD.  Am./.  Sci.,  159,  20-32. — The  graftonite  occurs  in  peg- 
matite, where  it  is  found  as  a  lamellar  intergrowth  with  triphy- 
lite.  The  form  of  the  crystals  is  monoclinic.  When  fresh  the 
mineral  has  a  delicate  salmon  color  resembling  that  of  lithiophi- 
lite,  but  on  account  of  the  oxidation  of  the  iron,  principally  in 
the  triphylite,  the  color  is  usually  dark.  The  specific  gravity  is 
3.672,  hardness  5,  and  luster  vitreous  to  resinous.  The  analy- 
sis, the  method  of  which  is  described  in  outline,  gave  the  for- 
mula R,P,Og,  in  which  R  stands  for  bivalent  iron,  manganese, 
and  calcium.  Detailed  descriptions  of  its  optical  and  cr>'stalline 
properties,  with  a  discussion  of  its  intergrowth  with  triphylite,  is 
also  given. 
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A  Revision  of  tlie  Atomic  Weight  of  Cobalt,  III.  Tlie  Analy- 
sis of  Cobaltous  Chloride  and  Oxide.  By  Theodore  Wii^liam 
Richards  AND  Gregory  Paul  Baxter.  Proc,  Am,  Acad,,  35, 
61-72. — Cobaltous  chloride  was  purified  by  passing  air  through 
its  ammoniacal  solution,  precipitating  with  hydrochloric  acid 
the  purpureo-cobaltic  chloride  formed,  recrystallizing  this  six 
times  from  ammonia  solution  in  a  platinum  dish,  precipitating  in 
a  Jena  flask  with  hydrochloric  acid,  and  heating  the  precipitate 
first  in  an  air-bath  at  200'',  and  then  in  a  current  of  nitrogen  and 
hydrochloric  acid  to  expel  ammonium  chloride.  The  weighed 
cobaltous  chloride  was  reduced  to  cobalt  by  hydrogen,  the  small 
quantity  of  alkaline  chloride  present  in  the  metal  and  of  ammo- 
nium chloride  volatilizing  during  the  reduction  being  deter- 
mined and  corrected  for.  The  atomic  weight  value  so  obtained 
was  59.044,  against  58.995  previously  found  from  the  analyses 
of  cobaltous  bromide  {this  Rev,,  5,  43),  but  the  authors  regard 
the  new  value  as  undoubtedly  too  large,  owing  to  the  presence 
of  impurity,  probably  silica,  in  the  chloride.  The  authors  also 
attempted  to  prepare  a  cobaltous  oxide  of  definite  composition 
by  igniting  the  higher  oxide  in  a  nearly  complete  vacuum  of 
varying  pressure,  but  found  by  reducing  with  hydrogen  that  the 
atomic  weight  values  varied  from  58.93  to  59.07.  They  con- 
clude that  the  higher  oxide  could  not  be  entirely  decomposed 
without  causing  some  reduction  of  the  monoxide  to  metal  cobalt. 
They  regard  the  value  58.995  obtained  from  the  analysis  of  the 
bromide  as  the  most  probable  one.  The  article  closes  with  a 
critical  review  of  previous  determinations. 

Are  Further  Experiments  Needed  for  Determining  the  Atomic 
Weight  of  Oxygen  ?  By  Edward  W.  Morley.  /.  Am.  Chem,  Soc, , 
22,51-61 ;  Science,  11,  281-288. — The  author  recalls  the  fact  that 
our  present  value  of  the  atomic  ratio  between  hydrogen  and  oxygen 
is  based  solely  on  the  composition  of  one  compound,  water,  and 
on  two  methods  of  its  determination,  its  synthesis  by  weight  and 
the  volumetric  ratio  taken  in  connection  with  the  densities  of 
the  component  gases,  and  suggests  that  the  certainty  attaching 
to  the  ratio  would  be  greatly  increased  by  a  new  complete  syn- 
thesis of  .water  by  an  independent  method,  and  by  further  ex- 
periments on  the  density  of  hydrogen  and  on  the  volumetric 
ratio.  He  also  considers  probably  practicable  an  accurate  com- 
plete synthesis  of  hydrochloric  acid  from  its  elements  and  a  de- 
termination of  the  ratio  Na  :  H  by  dissolving  sodium  in  water  and 
determining  the  loss  in  weight.  He  raises,  however,  at  the  close 
the  question  whether  the  value  of  the  results  to  science  would 
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justify  the  great  labor  involved  in  these  investigations,  and  de- 
sires an  expression  of  opinion  on  this  point.  In  view  of  the  fact 
that  the  atomic  ratio  of  hydrogen  and  oxygen  is  stoichiometric- 
ally  one  of  the  most  important  of  all  chemical  constants,  and  is 
likely  also  to  have  great  significance  theoretically,  it  seems  cer- 
tain to  the  reviewer  that  scientists  will  not  rest  satisfied  until  that 
ratio  has  been  established  with  the  greatest  possible  certainty 
and  accuracy,  and  it  seems  therefore  highly  desirable  that  an  in- 
vestigator who  possesses  the  rare  manipulative  skill,  the  critical 
appreciation  of  sources  of  error,  and  the  long  experience,  re- 
quired for  the  successful  prosecution  of  such  researches,  should 
continue  to  devote  himself  to  them. 

The  Nature  of  the  Change  from  Violet  to  Qreen  in  Solutions 
of  Chromium  Salts.  Bv  F.  P.  Venabi^e  and  F.  W.  Miixer. 
/.  Am,  Chem,  Soc,  20,  484-497. — The  authors  describe  experi- 
ments on  the  fraction  (found  to  be  two- thirds)  of  the  total  sul- 
phuric acid  that  is  precipitated  by  barium  chloride  from  green 
chrome  alum  solutions,  on  the  amounts  of  ammonia  required  to 
produce  a  permanent  precipitate  in  the  green  and  violet  solu- 
tions (found  to  be  equal  in  the  two  cases),  and  on  the  composi- 
tion of  the  gummy  precipitate  produced  by  adding  alcohol  to  the 
green  solution.  They  conclude,  from  their  experiments  that  the 
hypothesis  of  Recoura  that  the  green  chromium  sulphate  exists 
in  solution  as  Cr^O(SOJ^.SO^  +  H,SO^  is  untenable. 

The  Nature  of  the  Change  from  Violet  to  Qreen  in  Solutions 
of  Chromium  Salts.  By  W.  R.  Whitney.  /.  Am,  Chem. 
Soc,  21,  1075-1084. — In  a  previous  article  (see  the  preceding 
review)  Venable  and  Miller  claim  to  have  refuted  the  hypoth- 
esis of  Recoura  as  to  the  composition  of  green  chromium  sul- 
phate. After  presenting  ten  facts  previously  known  as  evidence 
of  the  presence  of  free  sulphuric  acid,  the  author  describes  the 
results  of  transference  experiments  of  his  own,  in  which  the 
theoretical  amount  of  free  acid  was  actually  caused  to  migrate 
out  from  the  green  solution,  while  practically  no  acid  was  sepa- 
rated by  the  current  from  the  violet  solution.  The  author  also 
communicates  experiments  confirming  those  of  Favre  and 
Valson  to  the  effect  that  only  about  one-half  of  the  sulphuric 
acid  in  a  green  solution  of  chrome  alum  is  precipitated  imme- 
diately in  the  cold,  and  points  out  that  the  different  results  of 
Venable  and  Miller  are  no  doubt  due  to  the  fact  that  they 
waited  twenty-four  hours  before  filtering  off  the  barium  sulphate. 
He  also  points  out  that  their  experiments,  showing  that  equal 
quantities  of  ammonia  are  required  to  barely  precipitate  the 
green  and  violet  solutions,  do  not  have  the  significance  attribu- 
ted to  them,  since  it  is  well  known  that  alkalies  at  once  convert 
the  violet  into  the  green  modification. 
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The  Nature  of  the  Change  from  Violet  to  Qreen  in  Solutions 
of  Chromium  Salts.  By  F.  P.  Venabi^b.  /.  Am.  Chem,  Soc, 
22,  I  [1-114. — After  stating  the  reasons  for  the  contrary  opinion 
maintained  in  a  previous  article  (see  above),  and  otherwise  in- 
terpreting some  of  the  results  there  described,  the  author  accepts 
the  hypothesis  of  Recoura  upheld  by  Whitney  (see  the  prece- 
ding review) ,  that  a  green  solution  of  chromium  sulphate  has 
the  composition,  Cr,0(SO,),.SO,  +  H.SO,. 

The  Relation  of  Physical  Chemistry  to  Technical  Chemistry. 

By  Wilder  D.  Bancroft.  /.  Am.  Chem.  Soc,  ax,  1101-1107. — 
The  author  emphasizes  the  importance  of  a  knowledge  of  the 
principles  of  physical  chemistry  to  the  manufacturing  chemist, 
and  maintains  that  aside  from  the  value  of  this  knowledge,  phys- 
ico-chemical research  is  a  better  training  for  industrial  work 
than  research  in  synthetic  organic  chemistry.  The  reviewer  is 
also  of  this  opinion,  especially  with  reference  to  this  coun- 
try, where  the  px)sitions  filled  by  chemists  involve,  as  a  rule, 
the  improvement  and  development  of  processes  rather  than  the 
synthetic  production  of  new  compounds. 

On  the  Surface-tensions  of  Mixtures  of  Sulphuric  Acid  and 
Water,  and  the  Molecular  Mass  of  Sulphuric  Acid.      By  C.  E. 

LiNEBARGER.  /.  Am.  Chem.  Soc,  22,  5-1 1. — The  author  has 
determined  for  each  10°  between  0°  and  50**  or  70"*  the  surface- 
tensions  of  aqueous  sulphuric  acid  of  strengths  varying  from 
2.65  up  to  95.0  per  cent.  acid.  He  finds  that  the  surface-tension 
of  the  strongest  acid  is  greatly  increased  by  the  addition  of 
relatively  small  amounts  of  water,  and  is  but  slightly  affected  by 
rise  of  temperature.  The  latter  fact  is  considered  to  point  to  a 
high  degree  of  polymerization  of  the  sulphuric  acid  molecules. 

Seventh  Annual  Report  of  the  Committee  on  Atomic  Weights. 
Results  Published  in  1899.  By  F.  W.  Clarke.  /.  Am.  Chem. 
Soc,  22,  70-80. — The  average  values  of  the  atomic  weights  pub- 
lished last  year  and  compiled  by  .the  author  are  given  below,  the 
values  in  parentheses  being  those  adopted  by  the  author  in  his 
previous  report.  All  values  are  referred  to  oxygen  taken  as 
16.000: 

Boron,  Gautier 11.016  (10.95^ 

Nitrogen,  Dean 14.031  (14.04) 

Calcium,  Richards 40.126  (40.07) 

Nickel,  Richards  and  Cushman 5^-709  (58.69) 

Cobalt,  Richards  and  Baxter 5^-995  (58.99) 

Molybdenum,  Vandenberghe 96.069  (95.99; 

Tungsten,  Hardin 184.0  (184.83) 

Cerium,  Kolle 138.81  (139-35) 

Palladium,  Hardin '.  107.014  ( 106.36) 
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On  5ome  Abnormal  Freezing-point  Lowerings  Produced  by 
Chlorides  and  Bromides  of  the  Alkaline  Earths.  By  Harry 
C.  Jones  and  Victor  J.  Chambers.  Am,  Chem.  /.,  23,  89- 
105. — The  molecular  lowerings  of  the  chlorides  and  bromides  of 
barium,  strontium,  calcium,  and  magnesium  are  all  found  to  have 
a  minimum  value  of  4.8"-5.i°  between  the  concentrations  o.i 
and  0.2  molecule  per  liter.  The  values  increase  considerably 
with  increasing  concentration  (in  most  cases  up  to  5.4°-5.8°  at 
0.6  mol  per  liter),  in  spite  of  the  fact  that  the  dissociation  is 
continually  decreasing,  as  is  shown  by  the  electrical  conductivity 
measurements  which  are  also  given  by  the  authors  for  all  eight 
salts  over  a  wide  range  of  concentration.  The  authors  suggest 
that  the  abnormal  freezing-point  values  may  arise  from  the  com- 
bination of  the  undissociated  salt-molecules  with  a  large  num- 
ber of  water  molecules,  thereby  reducing  appreciably  in  the  con- 
centrated solutions  the  amount  of  solvent.  Freezing-point  and 
conductivity  determinations  are  also  given  for  solutions  of  cad- 
mium chloride  and  bromide,  but  in  these  cases  the  molecular 
freezing-point  lowering  exhibits  no  minimum,  but  steadily  de- 
creases with  rising  concentration. 

The  Melting-point  of  Chloral  Hydrate.  By  C.  G.  L.  Wolf. 
y.  Phys.  Chem,,  4,  21-32. — The  author  has  determined  the  melt- 
ing-point of  chloral  hydrate  under  different  conditions,  and  con- 
cludes that  the  variations  in  it  found  by  him  and  previous  inves- 
tigators are  due,  not  to  the  existence  of  an  isomeric  form,  but  to 
the  presence  of  dissociation-products  in  varying  amounts.  When 
a  thermometer  bulb  was  coated  with  chloral  hydrate  and  heated 
in  a  vacuum,  these  conditions  being  such  that  the  dissociation- 
products  could  rapidly  escape  as  vapors,  the  substance  did  not 
melt  below  72**,  at  which  point  rapid  sublimation  took  place, 
however.  On  the  other  hand,  when  it  was  heated  in  a  closed 
tube,  time  being  allowed  for  equilibrium  to  be  reached  between 
the  solid,  liquid,  and  vapor,  the  melting-point  was  about  47**. 

The  Relation  of  the  Taste  of  Acid  Salts  to  Their  Degree  of  Dis- 
sociation. By  Louis  Kahi^enbkrg.  /.  Phys.  Chem,,  4,  33-37. — 
The  author  finds  that  the  acid  sodium  salts  of  oxalic,  malonic, 
succinic,  malic,  tartaric,  fumaric,  maleic,  and  citric  acids  all  taste 
still  noticeably  sour  in  solutions  containing  one  mol  in  100-400 
liters,  varying  only  between  these  narrow  limits,  with  the  nature  of 
the  salt.  The  variation  in  sourness  is  thus  very  much  less  than 
the  variation  ( i  :  70  in  the  extreme  case)  in  the  concentration  of 
the  hydrogen  ions  in  the  different  salt  solutions.  Moreover,  the 
sourness  of  acid  sodium  tartrate  and  malate  solutions,  where  the 
dissociation  is  not  more  than  a  few  per  cent.,  was  found  to  be 
nearly  equal  to  that  of  hydrochloric  acid  only  three  times  as  di- 
lute, confirming  the  result  of  Richards  with  acetic  and  hydro- 
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chloric  acids,  that  the  sourness  does  not  depend  solely  on  the 
concentration  of  the  hydrogen  ions.  The  author  concludes  that, 
if  his  results  are  to  be  interpreted  by  the  dissociation  theory,  the 
univalent  anions  (COOH — COO,  etc.)  must,  like  the  hydrogen 
ion,  be  assumed  to  have  a  sour  taste,  an  "  explanation  which  is 
unsatisfactory  to  say  the  least."  This  explanation  does  not, 
however,  seem  a  necessary,  or  even  a  probable  one,  to  the  re- 
viewer, for  the  intensity  of  the  sour  taste  probably  depends  on 
the  amount  of  some  unknown  chemical  change  produced  by  the 
acid  in  the  ends  of  the  sensory  nerves  in  a  short  interval  of  time. 
If  this  change  was  caused  catalytically  by  the  hydrogen  ions, 
one  might  expect  proportionality  between  its  rate  and  the.  con- 
centration of  those  ions.  If,  however,  the  hydrogen  ions  directly 
enter  into  the  reaction  and  are  consumed  by  it,  their  concentra- 
tion in  the  layer  in  immediate  contact  with  the  nerve  will  be 
rapidly  reduced,  especially  if  the  acid  solution  is  dilute  ;  and  the 
hydrogen  ions  so  removed  can  be  replaced,  in  case  the  acid  is 
completely  dissociated,  onlj^  by  the  slow  processes  of  diffusion 
and  convection,  while  if  the  acid  is  more  concentrated  but  only 
slightly  dissociated,  an  immediate  new  supply  of  hydrogen  ions 
is  furnished  by  the  instantaneous  process  of  dissociation.  Thus, 
according  to  this  hypothesis,  which  is  a  priori  as  reasonable  as 
the  other,  the  degree  of  sourness  of  a  dilute  acid  solution  will,  in 
general,  depend  on  the  total  concentration  of  the  acid  as  well  as 
on  the  concentration  of  the  hydrogen  ions,  which  is,  in  fact,  the 
principle  which  expresses  the  experimental  results  thus  far 
reached . 

On  Thermal  and  Dynamic  Coefficients.  By  J.  £.  Trevor. 
J.  Phys,  Chem,,  3,  573-576. — The  article  is  a  continuation  of  the 
general  discussion  of  the  partial  derivatives  of  the  four  funda- 
mental thermodynamic  functions  (this  Rev.,  6,  9). 

On  the  Emission  and  Absorption  of  Water  Vapor  by  Col- 
loidal Matter.  By  P.  Duhem.  /.  Phys.  Chem.,  4,  65-122. — 
The  article  consists  of  an  extended  mathematical  discussion  of 
the  phenomenon  named  in  the  title,  when  it  is  affected  by  hys- 
teresis, and  of  an  application  of  the  conclusions  reached  to  von 
Bemmelen's  observations  on  the  dehydration  of  gelatinous  silica 
and  colloidal  ferric  hydroxide. 

The  Melting-point  of  Formyl  Phenyl  Acetic  Ester.    By  C.  G. 

L.  Woiyp.  /.  Phys,  Chem.y  4,  123-129. — The  article  is  largely 
devoted  to  a  discussion  of  the  observation  that  the  ester,  after 
heating  at  100''  for  some  hours  (by  which  it  is  melted  and  con- 
verted in  large  part  into  the  enol  form) ,  separates  crystals  of  the 
keto  form  more  quickly  if  the  liquid  is  first  cooled  to  — 80°  and 
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then  allowed  to  stand  at  20**  than  if  it  is  cooled  directly  to  20'' 
and  allowed  to  stand,  the  difference  being  attributed  to  a 
more  rapid  reconversion  into  the  keto  form,  arising  from  the  fact 
that  the  temperature  in  the  former  case  is  much  further  below 
the  equilibrium  temperature.  Thus  fall  of  temperature  may  ac- 
celerate a  reaction. 

Freezing-point  Curve  for  Water  Containing  Hydrochloric 
Acid  and  Plienol.  By  J.  A.  Emery  and  F.  K.  Cameron.  /. 
Phys,  Chem,,  4,  130-134. — The  authors  have  determined  the 
freezing-points  of  water  and  hydrochloric  acid  solutions,  0.024— 
0.500  normal,  when  saturated  with  phenol.  The  lowerings  are 
found  to  be  the  sums  of  the  lowerings  caused  by  the  two  sub- 
stances separately.  The  freezing-point  of  the  saturated  aqueous 
solution  of  phenol  is  — 1.179**. 

Thermal  Effects  of  the  Dilution  of  Some  Salts.     By  F.  P. 

DuNNiNGTON  AND  T.  HoGGARD.  Am.  Chem.  /.,  22,  207-211. 
— The  authors  have  determined  the  heat  effect  resulting  when, 
to  nearly  saturated  solutions  of  fifteen  neutral  ammonium,  potas- 
sium, sodium,  lithium,  magnesium,  calcium,  and  strontium 
salts,  water  is  added,  one  molecule  or  a  few  molecules  at  a  time. 
The  heat  of  dilution  was  found  to  be  positive  for  seven  of  the 
salts,  negative  for  seven  others,  and  positive  for  the  first  addi- 
tions of  water,  and  then  negative  for  subsequent  additions  in  the 
case  of  the  remaining  salt,  calcium  nitrate.  The  values  for  the 
first  mol  of  water  added  are  greatest  for  lithium,  calcium,  and 
magnesium  chlorides  (+678,  +508,  and  +370  cals.). 

A  Contribution  to  the  Study  of  Liquid  flixtures  of  Constant 
Boiling-point.  By  Garnett  Ryland.  Am,  Chem.  /.,  22, 
384-396. — The  author  has  fractionated  mixtures  of  eighty  pairs 
of  liquids  boiling  separately  less  than  40"^  apart,  and  finds  that  45 
of  them  yield  a  constant  boiling  fraction  of  the  same  or  lower  boil- 
ing-point than  the  more  volatile  constituent,  two  of  them,  such  a 
fraction  of  a  higher  boiling-point  than  the  less  volatile  constitu- 
ent, and  one  of  them,  ethyl  iodide  (b.  p.  72°)  and  benzene  (b.  p. 
79**),  a  fraction  boiling  (at  74**-75°)  between  the  boiling-points 
of  the  two  constituents.  This  last  case,  which  is  rather  remark- 
able from  a  theoretical  standpoint,  is  further  exemplified  by  an 
earlier  observation  of  Bauer  on  a  mixture  of  ethylene  and  pro- 
pylene bromides.  As  this  case  does  not  seem  to  have  been 
hitherto  considered  theoretically,  the  reviewer  would  point  out 
that  if  the  vapor-pressure  for  any  composition  of  the  mixture  has 
a  minimum  value  lying  between  the  two  limiting  vapor-pressures 
of  the  pure  liquids,  it  must  necessarily  have  also  a  maximum  value 
for  some  other  composition,  or  vice  versa,  and  therefore  it  must 
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be  possible  to  obtain  two  different  mixtures  of  constant  boiling- 
point,  a  conclusion  which  it  would  be  interesting  to  test  experi- 
mentally. The  author  gives  the  composition,  determined  by  re- 
peated trials  of  synthetic  mixtures,  and  the  boiling-point  under 
atmospheric  pressure,  of  the  various  constant  boiling  mixtures  ; 
and  compares  the  observed  composition  of  many  of  them  with 
that  calculated  under  the  assumption  that  each  component  vola- 
tilizes in  gaseous  volumes  proportional  to  its  own  vapor-pres- 
sure in  the  pure  state  at  the  boiling-point  of  the  mixture.  In 
almost  all  cases  the  so-calculated  values  are  much  larger  for  the 
less  volatile,  less  concentrated  component  than  the  observed 
ones,  a  result  which  is,  however,  in  accord  with  the  law  of 
Raoult,  which  requires  that  the  vapor-pressure  of  the  smaller 
component  be  relatively  more  reduced  than  that  of  the  larger 
component.  In  the  case  of  the  mixtures  of  methyl  alcohol  and 
benzene  and  of  ethyl  alcohol  and  benzene,  distillations  were 
made  at  different  pressures  (22-77  cms.),  the  composition  of  the 
constant  boiling  fractions  being  then  found  to  vary  several  per 
cent.  In  concluding,  the  author  emphasizes  the  very  common 
occurrence  of  mixtures  of  constant  boiling-point  and  the  conse- 
quent frequent  impossibility  of  separating  liquids  by  fractional 
distillation. 

On  a  Hypothesis  to  Explain  the  Partial  Non-explosive  Com- 
bination of  Explosive  Qasesand  Qaseous  Mixtures.     By  W.  G. 

MixTER.  Am,  J,  Sci.,  157,  327-334. — The  fact  that  explosions 
do  not  occur  by  sparking  explosive  mixtures  of  gases  when  their 
pressure  is  less  than  a  certain  limiting  value  is  attributed  to  the 
infrequency  of  impacts  of  molecules  having  a  velocity  or  inter- 
nal energy  adequate  for  chemical  union,  there  being  more  time 
in  a  rare  gas  than  in  a  dense  one  for  a  molecule  with  energy 
adequate  for  combination  to  lose  this  energy  by  radiation. 

On  the  Applicability  of  the  Dissociation  Theory  to  the  Elec- 
trolysis of  Aqueous  Solutions  Containing  Two  Electrolytes 
with  a  Common  Ion.  By  J.  G.  MacGregor.  Phys.  Rev.^Z, 
129-140. — The  author  has  calculated  from  the  known  dissocia- 
tion-values and  transference  numbers  of  the  component  salts, 
the  transference  relations  which  should  prevail  in  a  mixture  of 
two  salts  with  a  common  ion,  and  compares  the  calculated  re- 
sults with  those  observed  by  previous  investigators.  The  agree- 
ment is  only  a  rough  one.  The  author  calculates  the  dissocia- 
tion constants  of  the  salts  in  question  at  different  concentrations 
with  the  help  of  the  ordinary  mass-action  law,  disregarding  the 
now  well-established  fact  that  they  do  not  conform  to  that  law. 

The  Conductivity  and  Dissociation  of  Some  Electrolytes. 

By  Wiluam  Foster,  Jr.     Phys,  Rev,,  8,  257-281.— The  author 
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has  determined  the  electrical  conductivity  of  solutions  of  ammo- 
nium nitrate,  magnesium  sulphate,  magnesium  chloride,  sodium 
ammonium  hydrogen  phosphate,  disodium  hydrogen  phosphate, 
and  potassium  dihydrogen  phosphate,  of  sodium  hydroxide,  and 
of  phosphoric,  oxalic,  and  citric  acids,  at  concentrations  vary- 
ing from  i.o  to  o.oooi  equivalents  per  liter.  The  temperature 
coeflBcients  of  conductivity  and  the  specific  gravities  of  normal 
solutions  of  these  substances  were  also  determined.  The  de- 
grees of  dissociation  are  calculated  for  all  these  substances  at  the 
various  dilutions  and  compared  with  Loomis'  results  by  the 
freezing-point  method.  The  agreement  is  close  except  in  the 
cases  of  the  magnesium  salts  where  differences  of  lo  to  20 
per  cent,  occur,  and  of  sodium  hydroxide  and  potassium  dihy- 
drogen phosphate,  where  the  differences  are  about  5  per  cent. 

H.  M.  Goodwin,  Rbvibwbr. 

The  Electrochemical  Equivalents  of  Copper  and  Silver.     By 

Theodore  W.  Richards,  Edward  Collins,  and  George  W. 
Heimrod.  Proc,  Am,  Acad,,  35,  123-150. — This  valuable  con- 
tribution to  electrochemistry  should  be  read  by  all  interested  in 
the  determination  of  the  fundamental  electrochemical  constant. 
The  investigation  was  undertaken  primarily  to  reconcile,  if  pos- 
sible, the  discrepancy  existing  between  the  atomic  weight  of 
copper  as  determined  by  electrochemical  and  by  purely  chemical 
methods.  A  very  careful  study  was  first  made  of  the  conditions 
to  be  observed  in  a  copper  voltameter,  and  the  effect  of  the  various 
sources  of  error  introduced  by  variable  current  density,  acidity 
of  solution,  etc.,  is  minutely  discussed.  A  number  of  experi- 
ments in  which  two  copper  voltameters  with  electrodes  of  50  sq. 
cm.  and  25  sq.  cm.  surface  respectively,  in  series  with  two  sil- 
ver voltameters,  gave  the  following  results  for  the  electrochem- 
ical atomic  weight  of  copper  : 

Uncorrected    results    of    Rayleigh,    Gray,   Shaw,  f  63.30  to 


Vanni,  etc \  63.50 

Large  plates  in  cupric  solutions  at  20° 63.47 

Small      "         "       "  "  "      0° 63.547 

Medium"        "cuprous     "  "     0° 63.573 

60° 63.615 


i<         it         (<         ((  (I  (I 


Corrected  results  for  cupric  solutions 63.563 

At.  wt.  copper  by  chemical  processes 63.604 

Discrepancy 0.041 

The  experiments  designated  **in  cuprous  solutions"**  were 
made  with  copper  sulphate  which  had  been,  by  previous  elec- 
trolysis with  an  alternating  current,  saturated  with  cuprous  salt  ; 
they  were  carried  out  to  determine  the  maximum  value  for  the 
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electrochemical  atomic  weight,  since  if  any  cuprous  ions  carry  a 
part  of  the  current  the  deposit  should  be  too  great.  The  increase 
in  value  with  rise  of  temperature  (producing  increase  in  solu- 
bility of  cuprous  salt)  proves  this  to  be  the  case,  so  that  63.573 
can  be  taken  as  an  extreme  upper  limit.  The  discrepancy  be- 
tween the  chemical  and  electrochemical  atomic  weight  is  thus 
seen  to  be  greater  than  the  experimental  error  of  either  deter- 
mination, and  the  authors  therefore  sought  the  cause  in  the  sil- 
ver voltameter.  By  a  very  careful  investigation  of  this  they 
were  able  to  show  that  the  effect  well  known  to  previous  investi- 
gators that  the  deposit  of  silver  in  a  silver  voltameter  depended 
on  whether  the  solution  had  been  previously  used  or  not,  arose 
from  the  formation  of  a  substance  in  the  neighborhood  of  the 
silver  anode,  which  tended  to  deposit  too  much  silver  if  allowed 
to  diffuse  to  the  cathode.  The  form  of  silver  voltameter  was 
therefore  changed,  the  anode  being  placed  within  a  porous  cell, 
and  this  compared  with  Lord  Rayleigh's  and  Patterson  and 
Guthe's  form  of  voltameter.  In  all  cases  the  new  form  of  voltam- 
eter gave  the  lowest  results.  The  difference  amounted  to 
0.081  per  cent.  Correcting  the  atomic  weight  of  copper  referred 
to  the  ordinary  silver  voltameter  by  this  amount  the  authors 
find  its  value  must  lie  between  63.598  and  63.615  as  outside 
limits.  The  chemical  value  63.604  lies  between  these  values,  in 
truth,  "  a  remarkable  confirmation  of  the  results  of  the  porous 
cup  voltameter. "  The  mean  of  the  corrected  values  of  Lord 
Rayleighand  Mrs.  Sidgwick,  P.  and  W.  Kohlrausch,  Kahle,  and 
Patterson  and  Guthe  gives  0.0011173  gram  silver  per  ampere 
second,  or  0.0011172  as  the  mean  of  the  extreme  values.  On 
this  latter  basis  one  gram  equivalent  of  an  electrolyte  transports 
96610  coulombs  of  electricity  instead  of  96540,  the  value  usually 
assumed.  The  investigation  furnishes  probably  the  most  rigid 
experimental  proof  of  Faraday's  law  yet  published. 

The  Influence  of  Temperature,  Pressure,  Used  Solutions,  and 
Size  of  Anodes  on  the  Deposit  of  Silver  Voltameters.     By  J.  F. 

Merrii<i«.  Phys.  Rev.,  10,  167-175. — Pressures  up  to  103  at- 
mospheres had  no  effect  on  the  amount  of  silver  deposited,  nor 
did  a  variation  of  temperature  from  o**  to  90°  C.  The  results 
with  five  old  solutions  compared  with  freshly  prepared  solutions 
showed  the  deposit  to  be  greater  from  the  former  by  about  i  part 
in  1 1600.  Later,  the  old  solution,  after  being  repeatedly  used, 
gave  an  increase  of  as  much  as  one  part  in  1700.  The  solution 
did  not  become  acid,  however,  if  it  had  been  boiled.  The  size 
of  the  anodes,  except  in  extreme  cases,  has  no  appreciable  influ- 
ence. The  nature  of  the  surface  of  the  cathode  seems  to  have  a 
slight  effect. 
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The  Influence  of  Electrification  upon  the  Surface  Tension  of 
Water  and  flercury.  By  Ernest  Merritt  and  Samuei<  J. 
Barnett.  Phys.  Rev,^  lo,  65-74. — The  authors  show  by  a 
careful  theoretical  discussion  of  the  method  employed  by  Bar- 
nett for  determining  the  effect  of  electrification  on  the  surface- 
tension  of  water  and  mercury  (Phys,  Rev,,  6,  257,  1898)  that  the 
effects  observed  can  be  wholly  accounted  for  by  purely  electro- 
static effects,  and  that  therefore  no  effect  of  pure  electrification 
upon  surface-tension  has  yet  been  observed.  The  electro-capil- 
lary phenomena  of  mercury  in  contact  with  electrolytes  are,  of 
course,  not  here  considered. 

Polarization  and  Internal  Resistance  of  Copper  Voltameter. 

By  B.  E.  Mcxjre.  Phys,  Rev.,  10,  34-52. — By  a  somewhat 
elaborate  system  of  circuit  breaking  and  making  devices,  for  de- 
tails of  which  reference  must  be  made  to  the  original,  the  author 
has  measured  the  total  polarization  produced  by  direct  currents 
at  the  electrodes  of  a  copper  voltameter,  at  times  varying  from 
0.00006  second  to  0.045  second  after  the  polarizing  electromotive 
force  has  been  removed.  The  results  are  discussed  graphically, 
and  the  author  concludes  that,  if  the  true  maximum  value  of  the 

E— P 

polarization  (P)  could  be  measured,  the  simple  formula  r  =  — -. — 

would  give  very  nearly  the  true  value  of  the  resistance  (r)  of 
electrolytes  for  all  current  strengths. 

The   Electrolytic   Reduction    of    Potassium    Chlorate.    By 

Adolph  L.  Voege.  /.  Phys.  Chem,,  3,  577-601. — The  reduc- 
tion of  this  salt  was  experimentally  studied  under  as  varied  con- 
ditions as  possible,  and  the  following  conclusions  reached :  The 
reduction  is  greater  in  acid  than  in  alkali  solution,  and  varies 
with  the  strength  of  acid  ;  it  increases  greatly  with  the  tempera- 
ture, and  increases  also  with  decreasing  current  density ;  this  last 
influence,  however,  varies  with  the  nature  of  the  metal  used  for 
the  electrodes,  copper,  zinc,  cadmium,  and  platinum  having 
been  studied. 

The   Electrochemical    Equivalent    of   Carbon.     By  H.    C. 

Pease.  /.  Phys,  Chem,,  4,  38-41. — The  mean  of  five  experi- 
ments on  the  loss  of  weight  of  a  carbon  anode  in  fused  potas- 
sium hydroxide  in  an  electrolytic  cell  with  an  iron  cathode  gave 
3.32  as  the  equivalent  weight  of  carbon.  Coehn  found  the  value 
in  sulphuric  acid  to  be  3.0.  Carbon  thus  comports  itself  in 
these  electrolytes  as  a  quadrivalent  element. 

On  the  Inversion  of  the  Hepta-  and  Hexahydrates  of  Zinc 
Sulphate  in  the  Clark  Cell.  By  H.  T.  Barnes.  /.  Phys. 
Chem.,  4,  1-2 1. — The  paper  contains  the  complete  results  of  ex- 
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perinients  published  by  Callendar  and  Barnes  in  1897  (Proc, 
Roy,  Soc,  62,  150)  on  the  change  of  hydration  of  zinc  sulphate 
crystals  indicated  by  the  change  in  temperature  coefficient  of  a 
Clark  cell  in  tbe  neighborhood  of  39''  C.  The  temperature  co- 
efficient of  cells  of  various  forms  was  measured  from  15^  to  50"*, 
and  formulae  for  the  electromotive  force  deduced  for  various  in- 
tervals. The  electromotive  force  curves  for  cells  containing  the 
hepta-  and  hexahydratesof  zinc  sulphate  cross  at  38.78°  C,  which 
therefore  corresponds  to  the  transition  temperature.  From  solu- 
bility experiments  the  transition  temperature  is  39.95*.  The 
difference  is  explained  by  a  secondary  influence  due  to  the  pres- 
ence of  the  mercurous  sulphate  in  the  Clark  cell. 

The  Electrolytic  Deposition  of  Brass.  By  J.  Livingston 
R.  Morgan.  /.  Am,  Chem,  Sac,,  22,  93-99. — An  attempt  to 
explain  the  process  of  brass  plating  on  the  basis  of  the  osmotic 
theory  of  the  cell.  The  explanation  does  not  seem  clear  to  the 
reviewer,  and  is  not  verified  by  any  experimental  data. 

The  Specific  Oravity  and  Electrical  Resistance  of  Metallic 
Tellurium.  By  Victor  Lbnher  and  J.  Livingston  R. 
Morgan.  /.  Am,  Chem,  Soc,  22,  28-31. — The  tellurium  was 
prepared  by  reducing  an  alkaline  solution  of  the  oxide  by  means 
of  sugar  (Lenher).  For  the  specific  gravity  of  the  powdered 
metal  6.1993  ^^^  found  as  a  mean  of  three  determinations  at  20^. 
The  specific  resistance  was  determined  by  casting  the  metal  in 
rods  of  various  lengths  (57.5  mm.  to  162  mm.)  and  diameters 
(2.92  mm.  to  8.89  mm.)  and  measuring  their  resistance  by  the 
usual  bridge  method.  Contact  was  made  by  means  of  mercury. 
The  values  obtained  for  the  specific  resistance  vary  from  about  300 
to  1 1 50;  the  mean,  about  500,  is  only  about  one- fourth  of  the 
value  found  by  Matthieson. 
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U1.TIMATE  analysis. 

H.  p.  Talbot.  Rbvxbwbr. 

Tiie  iodometric  Determination  of  Small  Quantities  of  Car- 
lx>n  rionoxide.  By  Leonard  P.  Kinnicutt  and  George  R. 
Sanford.  /,  Am,  Chem.  Soc,  22,  14-18. — The  carbon  mon- 
oxide is  passed  over  iodine  pentoxide  at  a  temperature  of  150°, 
and  the  reduced  iodine  is  collected  in  a  potassium  iodide  solu- 
tion and  titrated  with  thiosulphate  solution.  Accurate  deter- 
minations were  made  when  the  amount  of  the  monoxide  in  the 
air  was  as  small  as  2.5  parts  in  100,000. 
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The  Volumetric  Determination  of  Magnesia.  By  Jambs 
Otis  Handy.  /.  Am.  Chem,  Sac,,  22,  31-39. — The  precipitate 
of  magnesium  ammonium  phosphate,  thrown  down  under  defi- 
nite conditions,  is  collected  upon  a  filter,  washed  with  dilute  am- 
monia, and  the  filter  exposed  to  the  air  until  the  ammonia  has 
volatilized,  which  is  found  to  be  the  case  when  the  filter  has 
dried  about  one-half  inch  from  its  circumference.  The  precipi- 
tate and  filter  are  then  treated  with  standard  sulphuric  acid  in  ex- 
cess, and  after  complete  solution  the  excess  is  determined  by 
titration  with  standard  sodium  hydroxide  solution,  using  methyl 
orange  as  an  indicator. 

Notes :  Tlie  Retention  of  Moisture  by  Asi>estos,  and  Tlie  De- 
termination of  Qrapliite  by  l^ss.  By  Gborgb  Auchy.  /. 
Am.  Chem.  Soc.^  22,  46-48. 

The  Determination  of  Sulpliur  in  Bitumens.  By  A.  C. 
Langmuir.  y.  Am.  Chem.  Sac.,  22,  99-102. — ^The  author  com- 
ments upon  the  criticisms  made  by  S.  P.  and  H.  E.  Peckham 
(ihis  Rev.,  5,  100)  upon  an  article  by  E.  H.  Hodgson  (Ms  Rev., 
S,  10).  He  prefers  the  Eschka  method  as  modified  by  lieath(ihis 
Rev.,  4t  121).  While  it  is  undoubtedly  true  that  the  sulphur 
in  illuminating  gas  is  often  a  source  of  considerable  error  in  sul- 
phurMeterminations,  it  seems  to  the  reviewer  doubtful  whether 
the  data  given  by  von  Meyer  and  quoted  by  Langmuir  are  of 
general  application.  It  is  certainly  true  that  Boston  gas,  for  in- 
stance, introduces  much  less  sulphuric  acid  during  evaporations, 
even  under  unfavorable  conditions,  than  was  found  by  von 
Meyer  in  his  laboratory. 

Tiie   Determination  of  Niclcel   in  Niclcel  Ores.     By  A.  C. 

Langmuir.  /.  Am.  Chem.  Sac,  22.  102-106. — The  ore  is  dis- 
solved in  nitric  acid,  this  acid  replaced  by  hydrochloric  acid,  the 
copper  thrown  out  as  sulphide,  and  the  iron  oxidized  and  pre- 
cipitated once  by  ammonia.  This  precipitate  is  dissolved  in  hy- 
drochloric acid,  and  the  solution  extracted  with  ether  to  sepa- 
rate most  of  the  iron,  the  remaining  iron  being  twice  precipita- 
ted by  ammonia.  The  ammonium  chloride  in  the  filtrate  is  de- 
stroyed by  boiling  with  nitric  acid,  and  finally  the  solution  is 
evaporated  with  sulphuric  acid,  made  ammoniacal,  and  electro- 
lyzed.  The  procedure  given  is  an  adaptation  of  well-known 
methods  to  the  special  case  of  nickel  ores. 

Substitutes  for  Hydrocliloric  Acid  in  Testing  Carlwnates. 

By  Joseph  W.  Richards  and  Norman  S.  Powell.  /.  Am. 
Chem.  Sac.,  22,  117-121. — With  the  purpose  of  obtaining  a  sub- 
stitute for  hydrochloric  acid  in  the  test  for  carbonates  in  field- 
work  the  authors  studied  the  action  of  solutions  of  potassium 
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acid  sulphate,  oxalic,  citric,  and  tartaric  acids  upon  various 
natural  carbonates.  Tartaric  acid  proved  to  be  most  efficient, 
followed  by  citric  and  oxalic  acids.  A  table  shows  the  effect  of 
each  reagent  upon  a  variety  of  carbonates  at  varying  tempera- 
tures. 

Report  of  Committee  on  Coal  Analysis.     By  Wii^liam  A. 

NOYES,    W.    F.    HlI^LKBRAND,    AND    C.    B.    DUDLEY.     /.   Am, 

Chem.  SoCy  21,  1116-1132. — This  is  a  final  report  of  the  com- 
mittee and  describes  the  procedures  which  they  consider  effi- 
cient for  coal  analysis. 

W.  H.  Walk  BR,  Rsvikwbr. 

The  Constitution  of  the  Magnesium  Ammonium  Arsenlate 
of  Analysis.  By  Martha  Austin.  Am,  J,  Set,,  159,  55-61.— 
When  magnesium  ammonium  arseniate  is  formed  by  the  addi- 
tion of  magnesia  mixture  to  a  solution  of  arsenic  acid,  the  pres- 
ence of  an  excess  of  ammonium  chloride  causes  a  replacement 
of  some  of  the  magnesium  by  ammonium,  forming  possibly  the 
salt  Mg(NHJ^(AsOJ,.  A  precipitate  of  the  ideal  constitution 
is  thrown  down,  however,  when  an  amount  of  the  ammoniacal 
magnesia  mixture  slightly  in  excess  of  that  theoretically 
necessary  to  precipitate  the  arsenic  present  is  added  to  the 
faintly  acid  solution  of  arsenic  acid,  containing  no  ammonium 
salt,  in  a  volume  not  exceeding  200  cc.  This  precipitate 
may  be  washed  with  a  faintly  ammoniacal  wash-water  and  igni- 
ted to  pyroarseniate  without  appreciable  loss. 

On  the  Estimation  of  Thallium  as  the  Acid  and  Neutral 
Sulphate.  By  Philip  E.  Browning.  Am,  J,  Sci,,  159,  137- 
138. — The  suggestion  of  previous  investigators  that  both  the 
acid  and  neutral  sulphates  of  thallium  might  be  used  in  the  esti- 
mation of  this  element  has  been  carried  out  by  the  author  with 
positive  results.  By  treating  thallium  chloride  with  sulphuric 
acid  and  heating  to  constant  weight  at  22o°-240°  C,  the  salt  was 
found  to  correspond  to  the  acid  sulphate.  When  heated  to  dull 
redness,  sulphuric  acid  escaped,  and  when  constant  weight  was 
again  attained,  the  residue  had  the  composition  of  the  neutral 
sulphate. 

Laboratory  Notes.  By  J.  M.  Camp.  Ircni  Age,  65,  17-18. — 
In  these  notes  are  included  detailed  directions  for  the  determina- 
tion of  phosphorus  in  coal  and  coke,  and  in  ores,  pig-iron,  and 
steel  which  contain  also  arsenic.  A  method  for  the  estimation 
of  alumina  in  slags  and  ores  is  proposed,  in  which  the  aluminum 
is  separated  and  weighed  as  aluminum  phosphate. 

Silicon  in  Ferrosilicon.     By  F.  W.  Baukr.     Irm  Age,  65,  3. 
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— The  percentages  of  silicon  in  a  sample  of  ferrosilicon  as  re- 
ported by  eleven  chemists,  working  independently,  are  given, 
together  with  an  outline  of  the  method  used  by  each.  The  re- 
sults vary  from  14.90  per  cent,  to  16.68  per  cent,  silicon. 

A  Rapid  flethod  for  Determining  Lime  in  Blast-furnace 
Slags.  By  Titus  Ulke.  Eng,  Min.J.,  69,  i64.-^The  sample 
of  slag  is  dissolved  in  very  dilute  nitric  acid,  and  any  barium 
present  is  precipitated  by  the  addition  of  a  few  drops  of  sulphuric 
acid.  The  solution  is  now  made  almost  neutral  with  dilute  am- 
monia, and  the  calcium  precipitated  by  the  addition  of  ammo- 
nium oxalate.  This  precipitate  contains  no  iron  or  aluminum, 
and  can  be  washed  free  from  ammonium  oxalate,  dissolved,  and 
oxidized  with  standard  potassium  permanganate  solution.  The 
entire  analysis  may  be  completed  in  from  15  to  20  minutes. 
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M.  L.  PULLBR.,  RBVIBWBR. 

Some  Analyses  of  Italian  Volcanic  Rocks,  II.  By  Henry  S. 
Washington.  Am.  J.  Sci.,  159,  44-54. — i.  Ciminite.  From  a 
trachytic  flow  at  Monte  Cimino,  Viterbo.  The  mineral  compo- 
'  nents  of  this  rock  as  computed  from  the  analyses  are  orthoclase 
37.9  per  cent,  labradorite  26.5,  diopside  16.5,  olivine  17.3,  and 
magnetite  1.8.  This  would  place  the  rock  between  the  trach- 
ytes and  the  andesites  and  basalts  in  the  group  of  andesitic  trach- 
ytes or  trachydolorites  of  Rosenbusch  (latite  of  Ransome).  2. 
Selagite.  This  is  a  lamprophyric  latite  occurring  as  a  volcanic 
neck  in  Tertiary  marls,  Monte  Catini,  Tuscany.  The  analyses 
are  almost  identical  with  those  of  ciminite,  though  the  diverse 
conditions  of  consolidation  have  resulted  in  the  formation  of  a 
different  set  of  minerals ;  the  selagite  carrying  less  olivine, 
orthoclase,  and  a  plagioclase  of  less  lime,  but  containing  at  the 
same  time  more  augite  and  an  abundance  of  biotite.  It  affords 
a  good  illustration  of  the  tendency  of  the  complex  biotite  mole- 
cule to  crystallize  as  biotite  in  intrusions  while  it  splits  up  into 
olivine,  orthoclase,  leucite,  etc.,  in  extrusions.  Compared  with 
biotite-vulsinite,  selagite  shows  the  additional  presence  of  oli- 
vine, the  available  supply  of  MgO  in  the  magma  of  the  former 
being  exhausted  by  the  crystallization  of  the  biotite  and  augite. 
The  chemical  relations  of  selagite  to  venanzite,  madupite,  wyo- 
mingite,  and  orendite  are  also  discussed.  3.  Andesite.  Prom  a 
volcanic  neck  in  Pliocene  marls,  Radicofani,  Tuscany.  The 
new  analyses  lead  the  author  to  consider  the  rocks  examined  as 
basic  andesites  rather  than  ciminites,  as  he  has  previously  held. 
4.  I^eucitite.     From  a  surface  flow  at  Capo  di  Bove,  Alban  Hills. 
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Calculations  based  upon  the  analyses,  aided  by  physical  exam- 
ination, give  the  probable  mineral  composition  as  leucite  52  per 
cent.,  nephelite  10,  melilite  17,  diopside  17,  and  magnetite  4. 
Comparison  is  made  between  the  composition  of  the  leucitite  in 
question  and  that  of  fiearpaw  Mt.,  Montana,  and  also  with 
venanzite. 

Mineral  Resources  of  the  Province  of  New  Brunswicic.     Bv 

L.  W.  Baii^ey.  GeoL  Surv.,  Canada,  Ann,  Rep.,  10,  Part  M. 
1-128. — In  addition  to  exhaustive  statistics,  some  twenty  analy- 
ses, including  magnetite,  graphite,  limestone,  gypsum,  mineral 
waters,  and  ores  of  antimony  and  manganese,  are  given. 

Annual  Report  for  Section  of  Mineral  Statistics  and  Mines. 

By  E.  D.  Ingai^l.  GeoL  Surv,,  Canada,  Ann.  Rep,,  10,  Part  S, 
1-230. — A  considerable  portion  of  the  report  is  devoted  to  the 
iron  ores.  Ten  analyses  of  the  chromic  iron  ores  of  Quebec,  and 
over  150  analyses  of  the  Nova  Scotia  ores,  are  given.  Of  the 
latter,  some  50  are  published  for  the  first  time. 

Illinois  Oulch  fleteorite.  By  H.  I^.  Preston.  Am,  J,  Sci,, 
159,  201-202. — ^This  meteorite  was  found  some  4  feet  below 
the  surface  in  Deer  Lodge  County,  Montana,  and  measured  63 
X  104  X  105  mm.  A  physical  examination  showed  the  presence 
of  troilite  and  a  dark  steel-gray  crystalline  mineral  supposed  to 
be  rhabdite.  The  analysis  of  the  ground  mass  showed  the  pres- 
ence of  92.51  per  cent,  of  iron,  6.70  per  cent,  of  nickel,  and 
small  amounts  of  cobalt,  phosphorus,  carbon,  and  silica. 

Qranodiorite  and  Otlier  intermediate  Rocks.  By  Walde- 
MAR  LiNDGREN.  Am,  J,  Sci.,  159,  269-282. — This  paper  has 
in  view  the  fixing  of  the  position  of  granodiorite  in  relation  to 
allied  granitic  rocks.  A  somewhat  detailed  consideration  of  its 
chemical  and  mineralogical  composition  is  given,  accompanied  by 
a  discussion  of  its  relations  to  granite,  diorite,  monzonite,  tonal- 
ite,  banatite,  etc.  The  conclusions  reached  are  that  the  granodio- 
rite is  to  be  considered  as  a  granular  rock  with,  perhaps,  an  aver- 
age composition  of  quartz  23  per  cent.,  soda-lime  feldspars  44  per 
cent.,  alkali  feldspars  8  to  20  percent.,  and  ferro-magnesian  sili- 
cates 14  per  cent.  The  family  is  regarded  as  being  clearly  de- 
fined, and  is  of  wide  distribution  along  the  Pacific  slopes  of  the 
Cordilleran  ranges. 

Two  New  American  Meteorites.  By  H.  I^.  Preston.  Am. 
J,  Sci,,  159,  283-286. — The  first  of  the  meteorites  described  was 
found  at  Luis  Lopez,  New  Mexico,  and  weighed  6.9  kilograms. 
The  sections  showed  nodules  of  troilite,  streaks  and  seams  of 
troilite  and  schreibersite,   and   rhomboidal  patches  of  plessite 
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composed  of  alternating  layers  of  kamacite  and  taenite.  The 
surface  was  covered  with  a  somewhat  lustrous  reddish  brown 
crust  and  was  deeply  pitted.  The  analysis  showed  91.312  per 
cent,  of  Fe,  8. 170 per  cent,  of  Ni,  and  small  amounts  of  Co,  P,  S, 
and  C.  The  second  of  the  meteorites,  which  came  from  central 
Missouri,  probably  weighed  about  25  kilograms  and  is  of  the 
same  general  character  as  the  preceding.  The  analysis  differed 
from  the  former  in  having  some  3.42  per  cent,  more  iron  and 
3-55  P^r  cent,  less  nickel,  the  other  constituents  being  nearly  the 
same  in  both. 

Coal  Analyses.  By  George  Hali.  Ashley.  Dept,  Geol. 
and  Natural  Resources  of  Indiana y  Ann,  Rep,^  23,  1 565-1 573. 

Qeology  of  Story  County,  Iowa.  By  S.  W.  Beyer.  Iowa 
Geol,  Surv.,  Ann.  Rep,,  g,  155-237. — Sanitary  and  chemical 
analyses,  together  with  the  probable  mineral  combinations,  are 
given  for  certain  of  the  artesian  waters  occurring  in  the  county. 

Oeology  of  Scott  County,  Iowa.  By  W.  H.  Norton.  Iowa 
Geol.  Surv.,  Ann.  Rep.,  9,  389-519. — Several  analyses  of  arte- 
sian waters  from  the  Galena,  Saint  Peter,  and  underlying  forma- 
tions are  included  in  this  report. 

Artesian  Wells  of  the  Belle  Plaine  Area,  Iowa.     By  H.  R . 

MoSNAT.  Iowa  Geol.  Surv.,  Ann,  Rep,,  9,  521-562. — The  dis- 
cussion is  mainly  geological  but  a  number  of  analyses  are  given. 

Minnesota  Iron  riinlng  Economically  and  Statistically  Con- 
sidered. By  Horace  V.  Winchei.i*.  Minn.  Geol,  Surv. ,  Final 
Rcpy  4f  581-616. — Some  200  analyses  of  the  I^ake  Superior  iron 
ores  for  1898  and  1899  are  given.  Of  these  the  Gogebic  range 
furnished  about  40,  Menominee  range  40,  Marquette  65,  Mesabi 
45,  and  Vermilion  range  10. 

Ore-bearing  Schists  of  fliddle  and  Northern  Cape  Breton. 

By  J.  Edmund  Woodman.  Dept.  Mines,  Nova  Scotia,  Rep. 
18^8,  1-39. — In  addition  to  the  description  of  the  ore-bearing 
schists,  the  author  discusses  briefly  the  question  of  the  origin  of 
the  metalliferous  minerals,  which  he  regards  in  general  as  due 
to  solfataric  action. 

Coal  in  Lower  llichigan.  By  Alfred  C.  I^ane.  Mich.  Miner, 
i,Nos.  3-10. — This  paper  is  a  semi-popular,  but  thoroughly  scien- 
tific discussion  of  the  origin,  occurrence,  erosion,  disturbance,  and 
economic  development  of  coal  in  I/jwer  Michigan.  In  anappendix 
there  are  descriptions  of  the  methods  of  both  proximate  and  ulti- 
mate analyses  of  coals  and  of  the  analysis  of  ash,  together  with  a 
discussion  of  the  determination  of  the  heating  power,  both  di- 
rectly and  from  proximate  analyses. 
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nag:matic  Differentiation  in  tlie  Roclcs  of  tlie  Copper-iiearing: 
Series.  By  Alfred  C.  Lank.  BtdL  GeoL  Soc,  Am,,  xo,  15- 
18. — This  paper  treats  of  the  chemical  and  mineralogical  varia- 
tions in  the  effusive  flows  constituting  the  copper-bearing  rocks 
of  the  Lake  Superior  region,  and  discusses  their  causes.  A 
number  of  analyses  of  the  upper  and  lower  parts  of  the  flows,  and 
of  normal  and  quartziferous  basic  intrusives  are  given. 

Formation  of  Dilces  and  Veins.  By  N.  S.  Shaler.  Bull. 
GeoL  Soc,  Am.,  10,  253-262. — i.  Dikes.  The  author  divides 
dikes  into  (i)  those  which  have  followed  preexisting  joints  or 
bedding  planes,  and  (2)  those  which  have  burrowed  their  way 
through  the  rock  independently  of  fracture  lines.  The  many 
cases  in  which  the  former  have  apparently  followed  the  lines  of 
more  difficult  rather  than  those  of  less  difficult  passage  leads  him  to 
reject  hydrostatic  pressure  as  the  principal  cause  of  the  penetration 
of  the  molten  material.  The  conclusions  reached  are  that  the  sud- 
den conversion  of  the  water  of  the  fissures  into  steam  by  contact 
with  the  molten  material  of  the  dike  is  the  true  explanation  of 
the  opening  of  the  passage  ways  for  the  latter.  The  passages 
for  the  material  of  dikes  of  the  second  class  are  considered  to 
have  resulted  from  the  progressive  melting  and  absorption  of  the 
walls  by  the  advancing  magma.  2.  Veins.  The  author  con- 
siders that  open  fissures  could  not  exist  at  the  depths  at  which 
ordinary  veins  were  probably  formed,  but  regards  the  filling  as 
the  result  of  lateral  secretion,  the  walls  being  pressed  backward 
by  the  expansive  force  of  crystallization.  Veins  of  this  nature, 
although  apparently  presented  by  the  author  as  a  new  type,  be- 
long to  a  well-recognized  class  of  deposits.  Pew  would  agree 
with  the  author,  however,  in  going  to  the  extreme  of  referring 
so  large  a  proportion  of  veins  to  an  origin  by  lateral  secretion. 

Pliysiograpliy  andt  Geology  of  tlie  Region  Adjacent  to  tlie 
Nicaragua  Canal  Route.  By  C.  Willard  Hayes.  BuU. 
Geol.  Soc.  Am.,  10,  285-348. — One  of  the  most  conspicuous  and 
important  of  the  geological  features  along  the  canal  route  is  the 
rock  decay.  The  types  prevailing  on  the  opposite  side  of  the 
isthmus  are  widely  difierent,  and  are  the  natural  result  of  the 
climatic  conditions.  In  the  Eastern  Division  there  is  a  heavy 
rainfall  distributed  throughout  the  year,  the  surface  is  covered 
by  dense  forests,  and  the  soil  and  rock  are  thoroughly  saturated 
with  water.  As  a  result,  the  decomposition  extends  to  great 
depths.  The  resulting  soils  present  a  deep  red  color  near  the 
surface,  but  graduate  downward,  first  through  a  blue  clay,  then 
through  the  soft  rock  (saprolite),  and  finally  into  the  undecom- 
posed  rock  at  the  bottom.  In  the  Western  Division  the  wet  and 
dry  seasons  alternate.     During  the  dry  season  numerous  cracks 
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are  formed  in  the  soil  by  shrinkage.  Into  these  cracks  a  consid- 
erable quantity  of  vegetable  matter  finds  its  way,  and,  upon  the 
return  of  the  wet  season  and  the  closing  of  the  cracks,  is  incor- 
porated in  the  soil,  where  its  action  is  to  prevent  the  oxidation 
of  the  iron.  The  result  is  that  the  red  colors  so  characteristic 
of  the  Eastern  Division  are  entirely  wanting.  The  rate  of 
weathering  is  much  slower  than  in  the  Eastern  Division. 

Notes  on  the  Drift  of  Northwestern  Iowa.  Bv  H.  P.  Bain. 
Am,  Geol.^  23,  168-176. — In  connection  with  attempts  to  dis- 
criminate between  the  Kansan  and  the  younger  glacial  deposits, 
a  study  was  made  of  the  chemical  weathering  of  the  drift.  Both 
the  older  and  the  younger  drifts  were  derived  largely  from  lime- 
stone rocks,  but  in  the  older  all  traces  of  lime  have  now  been  re- 
moved by  solution,  leaving  a  siliceous,  iron-stained  mass  behind. 
The  difference  is  sufficiently  general  to  be  of  value  in  the  corre- 
lation of  the  various  Kansan  exposures. 

Notes  on  the  Cretaceous  and  Associated  Clays  of  fliddle 
Georgia.  By  George  F.  Ladd.  Am.  GeoL,  23,  240-249. — 
The  various  Cretaceous  and  Tertiary  clays  of  the  Coastal  Plain 
are  described,   and  a  number  of  chemical   and   mineralogical 

analyses  made  by  the  author  are  given. 

• 

Origin  and  Age  of  Certain  Qold  ••  Poclcet"  Deposits  in 
Northern  California.  By  O.  H.  Hershey.  Am,  Geol.,  24,  38- 
43. — The  deposits  in  question  are  located  in  Trinity  County  and 
vicinity,  and  occur  in  a  black  slate  of  Jurassic  age,  which  is 
known  locally  as  **  porphyry."  Underlying  the  slates  is  a  great 
massif  of  diabase  in  which  the  gold  often  assays  as  high  as  $2  or 
$3  a  ton.  During  Carboniferous  times  this  mass  was  exposed  to 
the  atmospheric  agencies  and  was  deeply  eroded  by  subaerial 
denudation,  the  insoluble  gold  accumulating  in  the  resulting 
soil,  especially  in  the  depressions  or  pockets.  During  the  sub- 
sequent subsidence  and  advance  of  the  sea  the  gold  is  assumed 
to  have  been  further  concentrated  in  the  depressions,  where  it 
was  finally  covered  by  the  deposits  of  slate.  The  author  ex- 
plains the  coarse  condition  of  the  gold  in  the  pockets  as  com- 
pared with  that  in  the  veins  and  amygdules  as  probably  due  to  the 
combination  of  many  separate  grains  through  fusion,  brought 
about  by  the  friction,  etc.,  accompanying  the  metamorphism  of 
portions  of  the  slate. 

The  Qold-bearing  Formation  of  Stephenson  County,  111.     By 

Oscar  H.  Hershey.  Am.  Geol.,  24,  240-244. — The  gold,  which 
is  not  present  in  economic  quantities,  occurs  as  impregnations  in 
one  or  more  strata  of  the  Utica  series.  The  author  considers 
the  material  to  have  been  in  a  finely  divided  and  disseminated 
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state  in  the  same  or  closely  adjacent  strata,  and  to  have  been 
afterwards  concentrated  through  the  agency  of  solutions  travers- 
ing the  strata  laterally. 

A  Discussion  of  tiie  Use  of  the  Terms  Roclc-weatliering, 
Serpentinization,  and  Hydrometamorphism.  By  Geo.  P. 
Mbrrii«i«.     Am,  Geol,,  24,  244-250. 

Notes  on  the  Corundum-iiearing  Rocks  of  Eastern  Ontario, 
Canada.  By  Willet  G.  Miller.  Am,  Geol.,  24,  276-282. — 
The  corundum  occurs  in  four  different  igneous  rocks  :  syenite, 
syenite  pegmatite,  nepheline  syenite,  and  anorthosyte.  A  num- 
ber of  analyses  of  the  anorthosyte,  one  of  which  is  new,  and  new 
analyses  of  bytownite  and  hornblende  are  given. 

Some  Further  Notes  on  the  Weathering  of  DialMise  in  the 
Vicinity  of  Chatham,  Virginia.  By  Thomas  I^.  Watson. 
Am,  GeoLy  24,  355-369. — The  paper  presents  the  results  of  a 
careful  study  of  the  nature  and  results  of  the  weathering  of  dia- 
base. A  considerable  number  of  analyses  of  both  fresh  and  de- 
composed rocks  are  given.  The  tabulated  results  show  a  loss  in 
weathering  of  from  14.93  P^r  cent,  (diabase  from  Medford, 
Mass.)  to  70.31  (olivine  diabase  from  Chatham,  Va.).  In  the 
decomposition  of  the  Chatham  diabase,  iron  is  the  constant  fac- 
tor, the  alumina  which  is  often  selected  as  the  factor,  showing 
in  this  case  a  distinct  loss. 

The  Blue  Mound  Quartzite.  By  Geo.  D.  Hubbard.  Am. 
GeoL,  25,  163-168. — This  quartzite  occurs  as  a  capping  on  Blue 
and  East  Mounds,  in  Iowa  and  Dane  Counties,  Wisconsin,  and 
is  probably  to  be  regarded  as  a  remnant  of  a  stratum  once  con- 
tinuous over  most  of  the  southwestern  portion  of  the  state.  The 
author  considers  the  stratum  to  be  the  remnant  of  a  highly  sili- 
ceous Niagara  limestone,  the  calcareous  matter  of  which  has 
been  removed  by  solution,  the  silica  at  the  same  time  being  de- 
posited in  the  compact  form  which  it  now  presents. 
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On  the  riolecular  Rearrangement  of  ^Aminophenylethyl 
Carbonate  to  <7-0xyphenylurethane.  By  James  H.  Ransom. 
Am.  Chem.J.y  23,  1-50. — When  ^-nitrophenylethyl  carbonate  is 
reduced  in  alcoholic  solution  with  tin  and  hydrochloric  acid,  a 
white  crystalline  compound  is  obtained,  which  melts  at  86°  and 
not  at  95**  as  given  by  Bender  (Ber.^  19,  2268).  As  the  com- 
pound is  insoluble  in  acids,  it  seemed  probable  that  the  constitu- 
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tion  which  had  been  assigned  to  it,  aminophenylethyl  carbonate, 
was  incorrect.  The  author,  accordingly,  undertook  a  thorough 
investigation  of  the  reaction,  and  has  shown  that  Ben- 
der's compound  is  identical  with  ^-oxyphenylurethane  pre- 
pared from  ^-aminophenol  and  ethyl  chlorformate.  By  effect- 
ing the  reduction  of  the  nitro  compound  at  a  low  temper- 
ature, an  oil,  soluble  in  acids,  was  obtained,  which  proved 
to  be  ^-aminophenylethyl  carbonate.  This  compound  readily 
suffered  rearrangement  into  ^-oxyphenylurethane.  This  change 
was  studied  carefully,  as  it  seemed  probable  that  an  intermediate 
product  was  formed  in  the  reaction.  This  compound  would  be 
of  interest  on  account  of  the  fact  that  it  could  be  an  addition- 
product  of  an  amine  and  an  ester,  and  would,  therefore,  throw 
light  on  the  reaction  between  compounds  of  these  classes.  The 
change  is  expressed  by  the  following  formulae : 

(I)  C.Hr  --  (II)  C.h/         >C<(  -- 

/OH 

(III)  c.h/ 

^NH.COOC.H, 

Formula  (II)  represents  the  constitution  of  the  hydroxide  base 
corresponding  to  the  hydrochloride  of  ethoxymethenylamino- 
phenol  (an  imido  ester) ,  if  the  salts  of  the  imido  esters  are 
formed  by  the  addition  of  the  acid  to  the  double  bond  between 
the  carbon  and  nitrogen  atoms.  The  isolation  of  such  a  com- 
pound would  be  of  value  in  deciding  the  structure  of  such  salts. 
The  compound  was  not  obtained,  but  the  author  is  of  the  opin- 
ion that  it  was  formed  during  the  transformation  for  the  follow- 
ing reasons :  /-aminophenyl  carbonate  was  found  to  be  a  per- 
fectly stable  compound,  the  rearrangement  being  peculiar  to  the 
ortho  series,  and,  further,  the  rearrangement  occurs  only  as  long 
as  the  nitrogen  atom  holds  at  least  one  hydrogen  atom.  In  or- 
der to  determine  whether  the  structure  of  the  compound  formed 
by  the  reduction  of  ^-nitrophenylethyl  carbonate  is  represented 
by  formula  (II)  or  formula  (III),  the  action  of  acyl  chlorides 
on  it  was  studied.  By  the  action  of  benzoyl  chloride,  a  compound 
was  readily  obtained,  which  was  identical  with  the  substance 
formed  by  the  action  of  ethyl  chlorformate  on  benzoyl-^-amino- 
phenol.  This  fact  indicates  that  the  benzoyl  ester  is  a  deriva- 
tive of  a  substance  of  formula  (II),  but  since  a  molecular  rear- 
rangement of  aminoethylphenyl  carbonate  was  proved,  the  struc- 
ture was  investigated  from  another  point  of  view.  The  benzoyl 
ester  of  oxyphenylurethanc  is  insoluble  in  alkalies,  and  has  the 
ring  structure.  If  the  methyl  ester  has  an  analogous  structure, 
it  should  exhibit  the  same  reactions.    The  methyl  ether  was  pre- 
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pared  from  methylaminophenol  and  ethyl  chlorformate»  and  also 
fromoxyphenylurethane  by  direct  niethylation  by  means  of  diazo- 
methane.  The  ester  was  soluble  in  alkalies,  and  was,  accord- 
ingly, a  derivative  of  a  compound  of  formula  (III).  Since  it 
has  been  shown  that  diazomethane  can  be  used  to  determine 
delicate  questions  of  constitution,  the  methyl  group  being  intro- 
duced with  such  ease,  it  follows  that  formula  (III)  represents 
the  structure  of  the  compound  formed  from  ^-nitrophenylethyl 
carbonate  by  reduction.  A  careful  study  of  the  relation  between 
the  ring  compound  (formula  II)  and  the  hydrochloride  of  ethoxy- 
methenylaminophenol  was  not  made,  but  it  was  shown  that  the 
salt  gives  by  hydrolysis  oxyphenylurethane  under  the  same  con- 
ditions that  aminophenylethyl  carbonate  does.  This  reaction  is 
further  evidence  in  favor  of  the  view  of  the  structure  of  the  salts 
of  imido  ethers  put  forward  by  Stieglitz  {Am,  Chem.  /. ,  21,  108). 
Benzoyloxyphenylurethane  (m.  p.  75**. 5)  was  prepared  from 
benzoylchloride  and  oxyphenylurethane,  and  also  from  benzoyl- 
^aminophenol  and  ethylchlorformate.  It  is  insoluble  in  acids 
and  alkalies,  can  be  saponified,  and  yields,  on  dry  distillation, 
alcohol,  benzoylaminophenol,  ethylbenzoate,  and  benzoyl  car- 
bony  1-^-aminophenol.  The  latter  compound  (m.  p.  174")  was 
also  prepared  from  carbonylaminophenol.  Analogous  compounds 
containing  the  nitrobenzoyl  group  were  prepared.  Carbethoxy- 
aminophenol  phenyl  carbamate,  prepared  from  the  phenol,  phenyl 
isocyauate,   and  aluminum  chloride  melts  at  Ii6°-ii8°.     Car- 

bonylmethyl-^-aminophenol,    CH,.N.CftH^OCO,    was    prepared 

I i 

from  the  phenol  and  methyl  iodide.  It  melts  at  86°,  and  when 
heated  with  concentrated  hydrochloric  acid  at  180**,  yields 
c?- methylaminophenol  (m.  p.  88^-90**)  which  with  benzoyl  chlo- 
ride forms  an  ester  (m.  p.  i6o*-i62**),  and  with  ethyl  chlorfor- 
mate  gives  benzoylmethyl-<?-aminophenylethyl  carbonate  (m.  p. 
68°).  ^  Oxyphenylmethylurethane,  prepared  from  methyl-<?- 
aminophenol  and  ethyl  chlorformate,  melts  at  53''  and  yields  a 
benzoyl  derivative  which  melts  at  88^-90°.  From  anisidine  and 
ethyl  chlorformate,  ^-methoxyphenylurethane  (b.  p.  180-182°  at 
26  mm.)  was  prepared.  By  bromination  a  monobrom  derivative 
(m.  p.  I02°.5)  and  a  compound  melting  at  252°  were  formed. 
By  the  action  of  phosphorus  pentachloride.  a  chloride  was  ob- 
tained, which  was  converted  into  ^-anisidine  urea  (m.  p.  143°- 
145)  by  ammonia,  and  into  the  corresponding  phenyl  derivative 
(m.  p.  144*)  by  aniline.  ^-Aminophenylethyl  carbonate  is  an 
oil,  and  forms  a  hydrochloride  (m.  p.  i5o°-i52°),  which  forms  a 
double  salt  with  platinum  chloride.  /-Nitrophenylethyl  car- 
bonate melts  at  68°  and  is  converted  into  an  amido  compound 
(m.   p.  36°)  on  reduction,  which  gives  a  hydrochloride  (m.  p. 
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197°)  and  a  double  chloride  containing  platinum  (m.  p.  237*"). 
/-Aminophenylethyl  carbonate  was  converted  into  the  corre- 
sponding urea  (m.  p.  147"- 150°),  but  a  transformation  similar  to 
that  which  took  place  with  the  ortho  compound  could  not  be 
brought  about. 

Products  of  the  Explosion  of  Acetylene.  By  W.  G.  Mixtkr. 
Am,  J,  Sci.f  159,  1-9. — The  explosion  of  acetylene  was  studied 
in  order  to  test  the  hypothesis  advanced  by  the  author,  that  a 
sufficient  frequency  of  molecular  impacts  is  requisite  to  secure 
spread  of  explosive  change  throughout  a  gas.  The  gas  was  in- 
troduced into  glass  tubes  20  cm.  long  and  11-15  ™°^-  internal 
diameter  at  ordinary  temperature  and  pressure.  The  tubes  were 
then  sealed  and  heated  in  a  furnace.  When  the  desired  tem- 
perature was  reached,  the  gas  was  exploded  by  an  electric  spark 
produced  between  platinum  wires  sealed  in  the  tubes.  In  no 
case  was  the  explosion  violent.  The  hydrogen  remaining  after 
absorbing  acetylene  was  the  measure  of  the  decomposition ;  the 
di£Eerence  between  the  volume  of  acetylene  taken  and  the  vol- 
ume of  gas  after  explosion  was  considered  a  measure  of  the  con- 
densation-products formed.  As  the  result  of  fifteen  experiments 
it  was  shown  that  at  325°,  decomposition  did  not  extend  through- 
out the  gas,  although  the  energy  of  the  system  was  greater  than 
that  containing  twice  as  many  molecules  at  o*  in  the  same  space 
— a  condition  in  which  decomposition  will  propagate  itself.  At 
temperatures  above  325"  the  decomposition  was  self-propagating, 
as  the  impacts  were  of  sufficient  frequency  to  cause  explosion. 
The  results  at  high  temperatures  present  the  striking  fact  that 
the  amount  of  acetylene  decomposed,  as  measured  by  the  resid- 
ual hydrogen,  is  fairly  constant  from  350"  to  450°.  At  447**  50 
per  cent,  of  the  acetylene  was  decomposed  and  20  per  cent,  was 
condensed.  When  acetylene  was  exploded  under  conditions 
allowing  expansion,  in  a  tube  10  mm.  in  diameter,  at  the  tem- 
perature of  the  room,  and  under  a  pressure  of  3  atmospheres, 
the  explosion  was  violent  and  79  per  cent,  of  the  gas  was  decom- 
posed and  5  per  cent,  was  condensed.  When  the  explosion  took 
place  in  a  bomb  where  no  change  in  volume  was  possible,  the 
residual  acetylene  amounted  to  almost  4  per  cent.  The  decom- 
position into  carbon  and  hydrogen  in  this  case  was  probably 
complete.  The  acetylene  present  after  the  explosion  was  no 
doubt  formed  from  its  elements  at  the  high  temperature  reached 
in  the  decomposition.  In  the  experiments  in  which  the  acety- 
lene contained  a  trace  of  air,  the  presence  of  hydrocyanic  acid 
was  noted. 

Camphoric  Acid.     By  William  A.  Noyes.    Am.  Chem. /., 

23,  128-135. — The  author  suspected  that  the  ketone  prepared 
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from  dihydrociscampholytic  acid  {this  Rev,,  5,  127)  was  2,3,3- 
trimethylcyclopentanone,  and,  accordingly,  undertook  the  prep- 
aration of  the  latter  compound  by  a  synthesis  which  would  leave 
no  doubt  as  to  its  structure.  This  synthesis  has  been  completed 
with  the  result  that  the  two  compounds  are  proved  to  be  identi- 
cal. It  follows  from  this  fact  that  ciscampholytic  acid  is  ^'-2,3,3- 
trimethylcyclopentenoic  acid,  and  that  the  older  formula  of  Per- 
kins for  camphoric  acid  and  Bouveault's  formula  for  camphor 
are  correct.  ^^-Bromisocaproic  acid  was  condensed  with  the  so- 
dium derivative  of  methylmalonic  ester.  From  the  resulting 
ester  of  2,3,3-tetramethylhexoic  1,2',6-acid  (b.  p.  ISC'*-! 87°  at 
ao  mm.  pressure)  the  free  acid  (HOOC),C.CH,.C(CH,),.CH,. 
CH,.COOH)  was  prepared,  which  crystallizes  from  ether  in 
needles,  which  begin  to  decompose  at  175®  and  give  a  quantita- 
tive yield  of  a)8)3-trimethyladipic  acid  when  heated  at  i90°-2oo**. 
The  trimethyladipic  acid,  wken  distilled  from  lime,  was  con- 
verted into  a  ketone  which  yielded  an  oxime  (m.  p.  104**)  iden- 
tical with  the  one  from  the  ketone  prepared  from  a- hydroxy  di- 
hydrociscampholytic acid.  The  author  gives  his  reasons  for  his 
opinion  that  camphonic  acid  is  a  normal  y-lactone. 

On  the  Rearrangement  of  Imido-esters.  By  Hbnry  I«. 
Wheei^er,  Treat  B.  Johnson,  Munson  D.  Atwater,  and 
Bayard  Barnes.  Am,  Chem.J,,  23,  135-150. — A  distinct  part 
of  the  work  described  in  this  article  was  done  by  each  of  the  four 
authors.  In  this  review  a  separate  paragraph,  preceded  by  the 
author's  initials,  is  devoted  to  the  work  of  each. 

H.  L.  W. — Imidoesters  react  slowly  at  ordinary  temperatures 
wJth  methyl  and  ethyl  iodides,  giving  alkylaraides.  This  reac- 
tion is  accompanied  by  the  formation  of  hydrogen  iodide,  which 
with  unaltered  ester  gives  a  primary  amide,  and  by  a  decompo- 
sition of  part  of  the  ester  into  nitril  and  alcohol.  The  products 
identified  as  the  result  of  the  action  of  methyl  iodide  on  benz- 
imidoethyl  ester  were  methylbenzamide,  benzamide,  benzo- 
nitril,'  and  a  trace  of  cyanphenin.  The  result  was  the  same  at 
room  temperature  or  at  100**,  and  in  the  presence  of  a  small  or 
large  amount  of  methyl  iodide.  Ethyl  iodide  gave  a  similar  re- 
sult. A  search  was  made  for  diethylbenzamide  in  the  reaction- 
product,  but  without  success.  Benzimidoisobutyl  ester  and 
methyl  iodide  gave  isobutyl  iodide  and  methylbenzamide.  Benz- 
imidoisobutyl ester  and  isobutyl  iodide  gave  benzonitril,  benz- 
amide, and  isobutylene.  In  order  to  determine  the  properties 
of  isobutylbenzamide,  which  was  expected  as  a  product  of  the 
above  reaction,  it  was  prepared  by  the  Baumann-Schotten  reac- 
tion, and  found  to  be  an  oil  which  boiled  at  i73°-i78°  at  13  mm. 
pressure  and  formed  crystals  which  melted  at  57°-58°. 
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T.  B.  J. — A  quantitative  study  of  the  reaction  between  phenyl- 
acetimidomethyl  ester  and  methyl  iodide  shoWed  that  the  amount 
of  transformation  taking  place  was  independent  of  the  quantity 
of  methyl  iodide  used.  The  weights  of  phenylacetamide,  phenyl- 
acetonitril,  and  methylphenylacetamide  from  20  grams  of  the 
imidoester  were  approximately  2,  4,  and  6  grams,  respectively. 
Kthylphenylacetamide  crystallizes  from  water  in  colorless  plates, 
which  melt  at  TZ^-T^- 

M.  D.  A. — Furimidomethylester  was  prepared  from  furyl  cy- 
anide ;  it  boils  at  52^-57°  at  8  mm.  and  at  169**-! 72**  at  762  mm. 
pressure.  The  behavior  of  this  ester  with  methyl  iodide  is  analo- 
gous to  that  of  the  other  imidoesters.  Methylpyromucamide, 
prepared  by  this  reaction,  melts  at  64°.  /-Tolenylimidomethyl- 
ester  (b.  p.  105^.5  at  10.5  mm.  pressure)  suffered  a  transforma- 
tion with  methyl  iodide  similar  to  those  described  above,  ft- 
Naphthylimidoethylester  was  alsQ  prepared,  and  showed  a  similar 
reaction  with  ethyl  iodide. 

B.  B. — Experiments  with  silver  succinimide  and  methyl  and 
ethyl  iodides  showed  that  the  oxygen  esters,  which  are  first 
formed  as  products  of  the  reaction,  are  converted  by  the  alkyl- 
halide  into  nitrogen  esters.  The  results  are  therefore  in  accord 
with  the  facts  described  above.  As  an  example  of  an  acylimido 
ester  benzoylbenzimidoester  was  studied.  This  compound  suf- 
fered no  transformation  with  ethyl  iodide,  but  when  heated  to 
200°  was  decomposed  into  benzonitril  and  ethylbenzoate. 

Anethol  and  Its  Isomers.  By  W.  R.  Orndorff  and  D.  A. 
Morton.  Am,  Chem.J,^  23,  181-202. — The  authors  have  sub- 
jected the  work  on  anethol  and  fluid  metanethol  to  a  careful  re- 
vision and  find  that  the  two  substances  are  identical.  In  odor, 
taste,  boiling-point  (233°. 5),  melting-point  (22*^5),  specific 
gravity,  and  crystal  form,  the  pure  products  exhibit  no  differ- 
ences. Both  substances  show  exactly  the  same  chemical  con- 
duct. They  yield  the  same  dibromide  (m.  p.  63°-64°).  mono- 
brom  dibromide  (m.  p.  102°),  hydrochloride,  picrate  {m.  p. 
about  70°),  nitrosite  (m.  p.  130°),  nitrosite  anhydride  (m.  p. 
98°),  and  nitrosochloride  (m.  p.  123°).  A  compound  of  the 
formula  CjoH„O.C,HjOH  is  formed  by  the  action  of  alcoholic  pot- 
ash on  anethol  h5'drochloride.  The  compound  is  a  liquid,  which 
distils  with  steam  with  slight  decomposition.  When  distilled 
alone  it  breaks  down  completely  yielding  alcohol,  anethol,  and 
higher-boiling  products.  Anethol  gives  a  hydrobromide  analo- 
gous to  the  hydrochloride.  When  decomposed  by  alcoholic  pot- 
ash and  distilled,  it  yields,  as  chief  products,  anethol  and  isoan- 
ethol.  When  an  alcoholic  solution  of  anethol  was  treated  with 
sodium,  /-propylanisol  was  formed.  Anethol  is  rapidly  and  com- 
pletely converted  into  anisoin  when  it  is  heated  in  acetone  solu- 
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tion  with  iodine.  /-Cresol  was  isolated  as  one  of  the  products  of 
the  destructive  distillation  of  anisoin. 

Condensation  Compounds  of  Amines  and  Camphoroxalic 
Acid.  By  J.  Bishop  Tingle  and  Alfred  Tingle.  Am. 
Chem,/,,  23,  214-230. — In  a  previous  paper  {this  Rev,,  5t  67)  the 
authors  described  the  action  of  aniline  on  camphoroxalic  acid. 
The  work  has  been  extended  to  the  study  of  the  action  of  other 
amines  on  the  acid ,  and  the  results  show  that  the  products  of  the  re- 
action when  fatty  amines  are  used  are  not  analogous  in  structure  to 
those  obtained  from  aromatic  amines.  This  difference  in  behavior 
is  probably  due  to  the  great  difference  in  basicity  of  the  two  classes 
of  amines.  In  the  present  paper  the  action  of  a-  and  /^-naphthyl^ 
amine,  ^-phenylenediamine,  and  semicarbazide  on  camphoroxalic 
acid  is  described.  By  the  action  of  or-naphthylamine  on  the 
acid,  in  alcoholic  solution  at  100°,  a  compound  was  obtained 
which  crystallizes  from  benzene  in  amber-colored  crystals,  and 
melts  at  170°  with  decomposition.  The  compound  resembles  the 
aniline  derivative  prepared  in  an  analogous  way  and  probably 
has  the  following  structure : 

C  :  C.COOH 

CONH.C,.H, 

/^-Naphthylamine  gives  a  similar  compound  (m.  p.  173**). 
^-Phenylenediamine  readily  condenses  with  the  sodium  salt  or 
ethyl  ester  of  camphoroxalic  acid  giving  a  compound  (m.  p. 
246'')  to  which  the  following  structure  is  assigned : 

C  :  C— C.OH 
C,H,,<        I      II 
CO  NHN 

C.H, 

Two  substances  are  formed  by  the  intecaction  of  semicarbazide 
and  potassium  camphoroxalate  in  presence  of  alcohol  at  100°. 
They  are  separated  by  their  different  solubilities  in  ether.  The 
soluble  compound  melts  at  218^,  the  insoluble  at  209^-210^.  Both 
have  the  composition  represented  by  formula 

C  :  C.COOH 
CsH,,<  I      I 

CONH.NH.CONH, 

At  100*,  in  alcoholic  solution,  ethyl  camphoroxalate  and  aniline 
yield  the  compound  (m.  p.  158^-160®) 

C  :  C.COOC.H. 
C,H.,<        I 

CONH.C.H. 
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Compounds  of  an  analogous  composition  were  obtained  from 
/9-naphthylamine  (m.  p.  with  decomposition  at  174°)  and  from 
semicarbazide  (m.  p.  202'').  Ethylcamphoroxalate  condenses 
with  ammonia,  methylamine,  and  ethylamine  under  similar  con- 
ditions, but  the  compounds  formed  have  the  following  structure : 

C  :  C.CONHR 
CaH.,<        I 

CONH.R. 
These  substances  will  be  described  in  a  later  paper.  Condensa- 
tion-products could  not  be  obtained  from  the  ester  or  salt  of  cam- 
phoroxalic  acid  and  ethylaniline,  dimethylaniline,  m-  and  p- 
phenylenediamine,  or  urea.  Ethylcamphoroxalate  did  not  rtact 
with  or-naphthylamine  or  dimethylaniline.  Phenylcamphofor- 
meneamine, 

C  :  C.COOH 
C.H.,<  I      I 

CONH.CeH, 
readily  reacts  with  acid  chlorides.  The  benzoyl  derivative  melts  at 
i6o'*-i6i',  the  benzeuesulphonyl  compound  at  133°,  and  the  acetyl 
derivative,  which  was  not  obtained  in  pure  condition,  at  134"*. 
The  formation  of  acyl  derivatives  is  evidence  in  favor  of  the 
view  of  the  structure  of  the  compound  represented  by  the  above 
formula. 

The  Symmetrical  Chloride  of  Paranitroorthosulphobenzolc 
Acid.  By  F.  S.  Hollis.  Am.  Chem.  /.,  23,  233-255. — The 
author  gives  much  improved  directions  for  the  preparation  of  the 
chlorides  of  /-nitro-(?-sulphobenzoic  acid.  By  regulating  the 
conditions  under  which  the  acid  potassium  salt  of  the  acid  is 
treated  with  phosphorus  pentachloride,  the.  resulting  product 
consists  of  the  unsymmetrical  chloride  only,  or  of  a  mixture  of 
the  chlorides,  which  contains  30-40  per  cent,  of  the  symmetrical 
chloride.  The  two  chlorides  were  separated  by  crystallization 
from  chloroform.  The  action  of  benzene  and  aluminum  chlo- 
ride on  the  two  chlorides  was  studied  under  a  variety  of  condi- 
tions. Both  compounds  yielded  the  same  product,  /-nitro-^-ben- 
zoylbenzenesulphone  chloride,  but  one  chlorine  atom  entering 
into  the  reaction.  The  compound  crystallizes  in  monoclinic 
crystals,  and  melts  at  177°.  The  author  is  of  the  opinion  that 
the  chloride  has  the  structure  represented  by  the  following  for- 
mula on  account  of  its  high  melting-point  and  the  fact  that  it  is 
not  acted  upon  by  alcoholic  potash  : 

NO,C.H,/      >0 
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By  heating  with  hydrochloric  acid,  sulphuric  acid,  water,  or  ab- 
solute alcohol,  the  chloride  is  converted  into /-nitro-^-benzoyl- 
benzenesulphonic  acid.  The  barium  salt  of  this  acid  is  of 
interest,  as  it  crystallizes  with  three,  three  and  one-half,  six,  and 
seven  molecules  of  water  of  crystallization.  The  sodium,  potas- 
sium, magnesium,  calcium,  and  lead  salts  were  also  prepared. 
^-Nitro-^-benzoylbenzenesulphone  chloride,  when  heated  with 
concentrated  ammonia  at  100°,  gave  a  lactim  of  the  formula, 

/     C.C.H. 
NO.C.H  /        ^j, 

The  compound  is  a  granular  powder  (m.  p.  234°),  which  is  con- 
verted into  the  ammonium  salt  of  nitrobenzoylbenzenesulphonic 
acid  when  heated  with  hydrochloric  acid  at  200". 

Stereoisomers  and  Racemic  Compounds.  By  Hbrman  C. 
Cooper.  Am,  Cheni.  /.,  23,  255-261. — Kipping  and  Pope 
{Proc.  Chem,  Soc,^  1898,  113)  have  shown  that  on  allowing  a 
racemic  mixture  to  crystallize  from  an  optically  active  solvent, 
the  first  factions  show  a  preponderance  of  crystals  of  one  of  the 
isomers.  This  fact  would  indicate  that  the  optical  isomers  had 
different  solubilities  in  the  solvent,  but  since  the  author  with 
Goldschmidt  (^Ztschr.  phys.  Chem.,  26,  711)  had  found  that  the 
two  active  carvoximes  have  the  same  solubility  in  ^-limonene,  it 
seemed  of  interest  to  investigate  the  subject  further.  The  so- 
dium ammonium  tartrates,  the  compounds  investigated  by  Kip- 
ping and  Pope,  have  the  same  solubilities  in  dextrose  solutions 
of  varying  strength,  notwithstanding  the  fact  that  the}*^  can  be 
Separated  by  crystallization  from  such  solutions.  The  sodium 
hydrogen  tartrates  were  investigated  with  the  same  result.  So- 
dium hydrogen  tartrate  decomposes  at  234°,  the  racemate  at  219**, 
and  a  mixture  of  equal  parts  of  the  optical  isomers  at  222°.  A 
mixture  of  approximately  equal  parts  of  the  active  carvoximes 
melts  at  93**,  the  melting-point  of  inactive  carvoximes.  A  slight 
shrinking  was  observed  at  72^,  the  melting-point  of  the  active 
body.  On  mixing  equal  amounts  of  the  active  sodium  hydro- 
gen tartrates  in  water,  a  cloudy  precipitate  of  racemate  appears 
and  does  not  disappear  until  the  temperature  of  solution  of  the 
racemate  is  reached.  A  mixture  of  the  active  carvoximes  has 
the  same  solubility  in  aqueous  alcohol  as  the  inactive  variety. 

A  New  Synthesis  in  the  Quinazoline  Qroup.  Bv  Marston 
Taylor  Bogert  and  August  Henry  Gotthelk.  /.  Am. 
Chem.  Soc.,  22,  129-132. — When  anthranilic  acid  was  heated  in 
a  sealed  tube  with  acetonitrile,  2-methyl-4-ketodihydroquinazo- 
line  was  obtained.  In  this  preliminary  paper  the  authors  show 
that  this  is  a  general  reaction  by  preparing  analogous  derivatives 
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from  the  nitriles  of  propionic,  benzoic,  phenylacetic,  and  /-tol- 
uic  acids.  The  yields  are  good,  and  as  the  reaction  proceeds 
as  readily  with  aromatic  as  with  fatty  nitriles,  the  synthesis  will 
be  of  particular  value  in  preparing  quinazoline  derivatives  con- 
taining aromatic  groups. 

A  Comparison  of  Some  Formaldehyde  Tests.    By  B.  M. 

PiLHASHY.  /.  Am,  Chem,  Soc,  22,  132-136. — The  author  re- 
ports the  results  of  a  study  of  the  various  tests  for  formaldehyde. 
It  is  shown  that  the  test  of  Trillat  with  dimethylaniline  and  sul- 
phuric acid  is  untrustworthy,  since  the  amine  itself  gives  the 
color  reaction  which  is  said  to  be  due  to  the  aldehyde.  The 
author  concludes  that  phenylhydrazine  hydrochloride  is  the  best 
reagent  for  detecting  formaldehyde. 

The  Action  of  a-Acylated  Phenylhydrazines  on  the  Chlorine 
Derivatives  of  Quinones.  By  William  McPherson  and 
Robert  Fischer.  /.  Am,  Chem,  Soc,  22,  141-144. — Trichlor- 
quinone  reacts  readily  with  unsymmetrical  benzo3'lphenylhydraz- 
ine  and  forms  a  compound  of  the  structure, 

.CCl  :  CCl 

>C    O 

^CCl  :  C.NH.NC.H,.C.H.CO 
The  two  atoms  of  hydrogen  which  are  removed  in  the  condensa- 
tion, reduce  a  part  of  the  quinone  to  the  corresponding  hydro- 
quinone.  This  reaction  is  of  interest  since  hydrazones  are  formed 
from  quinone  and  acylated  phenylhydrazines.  The  new  com- 
pound is  a  bright  red  crystalline  body  which  melts  at  i58''.5. 

On  the  Action  of  Certain  Acid  Reagents  on  the  Substituted 
Ureas.  By  F.  B.  Dains.  /.  Am,  Chem,  Soc,  22,  181-198. — 
The  action  of  a  number  of  acids,  acid  chlorides,  and  acid  an- 
hydrides on  substituted  ureas  was  studied,  and  in  no  case  was 
the  direct  introduction  of  an  acyl  group  observed.  In  all  cases 
the  temperature  required  to  produce  reaction  was  so  high  that 
acyl  ureas  were  never  isolated,  but  only  their  decomposition- 
products.  The  experiments  presented  show  that  the  reaction 
between  thioureas  and  organic  monobasic  acids  gives  fairly  con- 
stant results,  the  products  being  carbon  dioxide,  hydrogen  sul- 
phide, water,  aniline,  the  anilide,  mustard  oil,  and  carbanilide. 
With  dibasic  acids  and  acid  chlorides  the  reaction  is  more  com- 
plicated and  varied.  Reference  must  be  made  to  the  original 
paper  for  the  large  number  of  details  given. 

The  History  of  the  Constitution  of  the  Allcaloids.     By  A.  R. 

L.  DoHME.     Am,  J,  Pharm,,  72,  9-25. 

Racemism.  By  Robert  Hart  Bradbury.  /.  Franklin 
Inst,,  149,  299-314. — A  historical  lecture. 
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Preliminary  Communication  on  the  Chemistry  of  Mucin. 

By  P.  A.  Levenk.  /.  Am,  Chem,  Sac.,  22,  80-85. — The  author 
has  obtained  a  substance  with  acid  properties  from  tendomucin, 
submaxillary  mucin,  and  a  mucoid  carcinoma.  Its  chemical 
properties,  as  well  as  the  analysis  of  its  copper  salt,  point  to  its 
identity  with  chrondroitinsulphuric  acid.  The  results  of  this 
preliminary  investigation  seem  to  show  that  the  mucins  in  gen- 
eral are  not  simple  compounds  of  proteids  and  carbohydrates, 
but  are  proteid  derivatives  of  an  ethereal  sulphuric  acid. 

On  the  riaximum  Production  of  Hippuric  Acid  In  Rabbits. 

By  W.  H.  Parker  and  Graham  lyUSK.  Am.  /.  Physiol.,  3, 
472-484. — The  authors  conclude  that  in  metabolism  the  proteid 
molecule,  the  same  being  likewise  true  of  gelatine,  may  yield 
glycocoll  to  the  extent  of  3  or  4  per  cent.,  the  amount  of 
hippuric  acid  found  being  taken  as  a  measure  of  the  formation 
of  glycocoll.  The  carbohydrates  do  not  increase  the  formation 
of  glycocoll.  Details  are  given  of  an  improved  method  for  the 
determination  of  hippuric  acid  in  urine. 

On  the  Metabolism  of  Matter  in  the  Living  Body.  By  Ed- 
ward B.  Rosa.  Phys.  Rev.,  10,  129-150. — The  author  has  cal- 
culated the  balance  of  oxygen  and  of  matter  for  a  four-days' 
metabolism  experiment  made  with  a  respiration  calorimeter 
{this  Rev.,  6, 104) .  The  change  in  weight  of  the  subject  during 
the  96  hours,  which  was  observed  as  a  check  upon  the  calcula- 
tions, is  shown  by  graphical  representations.  Suggestions  are 
also  made  for  an  improved  method  for  obtaining  the  weight  of 
the  subject  by  means  of  outside  observations. 

Dietary  Studies  of  Negroes  in  Eastern  Virginia  In  1897  and 
1898.  By  H.  B.  Frissell  and  Isabel  Bevier.  U.  S.  Dept. 
Agr.,  Bull.  71,  1^45. — As  a  result  of  these  investigations  it  was 
found  that  in  the  negro  families  which  had  come  under  the  in- 
fluence of  educational  institutions,  such  as  Hampton  and  Tuske- 
gee,  the  diet  resembled  quite  closely  that  of  the  ordinary  white 
family  under  similar  conditions.  In  the  other  cases  studied,  the 
difference  was  not  so  much  in  the  amount  of  nutritive  material 
as  in  the  manner  of  preparing  and  serving  it.  No  analyses  of 
food  materials  are  given,  the  composition  being  estimated  from 
tables  previously  published. 

Dietary  Studies  of  University  Boat  Crews.     By  W.  O.  At- 

WATER  AND  A.  P.  Bryant.     C/.  5.  Dept.  Agr.  Expt.  Sta.  Bull., 
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75,  1-72. — These  studies  further  emphasize  the  large  amount  of 
energy  in  the  dietaries  of  athletes  and  the  striking  difference  in 
the  amounts  of  protein  consumed  by  them  and  by  ordinary  work- 
ing people.  A  comparison  between  the  dietaries  of  the  boat 
crews  and  the  average  of  fifteen  college  clubs  showed  a  differ- 
ence in  protein  amounting  to  four  and  a  half  times  the  difference 
in  fuel  value.  The  results  tend  to  confirm  the  view  that  men  or 
animals  who  perform  intense  muscular  work  for  short  periods  of 
time,  under  more  or  less  nervous  strain  as  well,  require  a  larger 
supply  of  protein  than  under  normal  conditions  of  slow,  long 
continued  work.  It  is  a  question,  however,  whether  under  these 
**  normal  "  conditions  a  part  of  the  energy  is  not  supplied  by  fat 
rather  than  by  protein. 

Character  and  Extent  of  Pood  and  Drug  Adulteration  in 
riassacliusetts,  and  tlie  System  of  Inspection  of  tlie  State 
Board  of  Healtli.  Bv  Albert  E.  lyKACH.  Tech,  Quart,,  13. 
22-40. — This  article,  which  does  not  admit  of  a  brief  review,  is 
a  rather  popular  discussion  of  the  extent  of  adulteration  in 
Massachusetts  and  of  the  kind  of  substances  usually  adulterated. 

Soil  Investigations.  By  Harry  Snyder.  Minn.  Agr.  Expt, 
Sia.  Bull.,  65,  1-84. — This  bulletin  contains  a  discussion  of  the 
chemical  and  mechanical  composition  of  certain  Minnesota  soils, 
together  with  an  outline  of  their  characteristic  features  and  the 
measures  which  the  author  considers  necessary  to  preserve  their 
fertility. 

The  Proteids  of  Wheat  Flour.  By  Harry  Snyder.  Minn. 
Agr.  Expt.  Sta.  Bull.,  63,  519-533. — The  author  has  made  a 
study  of  the  proteids  of  a  number  of  samples  of  flour  and  milf 
products,  following  the  methods  proposed  by  Osborne  and  Voor- 
hees  {Am.  Chem.J.,  15,  392),  for  the  separation  of  the  proteids. 
Among  other  obsetvations  it  was  found  that  while  the  lower 
grades  of  flour  contain  more  protein  than  the  high  grades,  the 
gliadin  and  glutenin  in  the  lower  grades  are  not  present  in  the 
right  proportion  to  form  a  well-balanced  gluten  ;  that  is,  one 
which  will  produce  bread  of  the  best  physical  properties.  The 
gliadin-glutenin  ratio  in  different  grades  of  flour  made  from  the 
same  wheat  was  found  to  vary  from  25  to  75  in  the  red  dog  or 
lowest  grade,  to  65  to  35  in  the  highest.  A  well-balanced 
gluten  is  considered  to  have  this  ratio  approximately  as  65  to  35. 

Winter  vs.  Spring  Bran.  By  Wii^liam  Frear  and  W.  A. 
Hutchinson.  Pa.  State  Coll.  Agr.  Expt.  Sta.  Bull.,  41^,  1-8. — 
The  analysis  of  twenty  samples  shows  that  the  average  spring 
wheat  bran  is  drier  than  winter  wheat  bran  and  contains  less 
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starchy  matter  and  appreciably  more  protein  and  fat,  as  well  as 
ash  and  liber. 

The  Feeding  Value  of  Sorghum  as  Shown  by  Chemical  Anal- 
ysis. By  R.  W.  Thatcher.  Nebr.  Agr.  Expi.  Sta.  Bull.,  62, 
65-72. — Experimental  tests  have  shown  that  sorghum  possesses 
different  feeding  values  at  different  stages  of  growth.  A  series 
of  analyses  made  to  find  the  reason  for  this  show  that  when  the 
plant  is  young  it  is  deficient  in  flesh-forming  material,  being 
about  the  same  as  timothy.  An  interesting  point  is  the  appar- 
ent absence  of  sugar  when  the  seed  is  sown  broadcast  instead  of 
in  rows. 

A  Chemical  Study  of  the  Apple  and  Its  Products.    By  C.  A. 

Browne,  Jr.  Pa.  Dept.  Agr,  Bull.,  58, 1-46. — In  this  bulletin 
the  author  discusses  the  chemical  composition  of  the  apple,  the 
chemistry  of  its  growth  and  ripening,  and  the  effect  of  storage. 
A  further  discussion  is  also  given  of  the  principal  apple  products, 
including  evaporated  apples,^  cider,  jelly,  apple  butter,  apple 
pomace,  and  vinegar.  A  short  bibliography  of  the  most  impor- 
tant books  relating  to  the  subject  is  appended. 

Experiments  with  Potatoes.  By  Chas.  D.  Woods  and  J. 
M.  BartlETT.  Me.  Agr.  Expi.  Sta.  Btdl.,  57,  145-158. — Ex- 
periments have  been  made  with  regard  to  the  effect  upon  the 
starch  opntent  of  potatoes  of  spraying  them  with  Bordeaux  mixture. 
The  average  amount  of  starch  found  in  the  sprayed  samples  was 
19.06  per  cent.,  and  in  the  unsprayed  samples  17.43  per  cent. 

Cider  Vinegar:  Its  Solids  and  Ash.  By  R.  K.  Doouttlb 
AND  W.  H.  Hess.  /.  Am.  Chem.  Soc,  22,  218-220. — The  solids 
of  pure  cider  vinegar  consist  of  glycerol,  albuminous  substances, 
gums,  malic  and  other  organic  acids,  and  mineral  matter;  they 
give  no  rotation  with  the  polariscope  and  little  or  no  reduction 
of  Fehling  solution  after  clarification  with  lead  acetate.  The 
ash,  which  should  not  be  less  than  0.75  per  c6nt.,  consists  mainly 
of  potash  with  small  amounts  of  sulphuric  and  phosphoric  acids. 
A  spurious  vinegar  was  found  to  be  composed  of  dilute  acetic 
acid,  glucose,  and  soda  ash ;  another,  of  acetic  acid,  boiled  cider, 
and  lime. 

The  Oregon  Prune.  By  G.  W.  Shaw.  Ore.  Agr.  Expt.  Sta. 
Bull.,  61,  1-18. — This  bulletin  contains  the  results  of  analysis  of 
fresh  and  cured  prunes,  showing  their  proximate  composition, 
food  value,  and  soil  draught. 

Commercial  Fertilizers.  Me.  Agr.  Expt.  Sta.  Bull.,  60,  24- 
29;  R.  I.  Agr.  Expt.  Sta.  Bull.,  6o»  39-48;  La.  Agr.  Expt. 
Sta.  Bull.,  58,  190-264;  Ky.  Agr.  Expt.  Sta.  Bull.,  85,  79-129  ; 
Wis.  Agr.  Expt.  Sta.  Bull.,  81,  1-8  ;  N.  Y.  Agr.  Expt.  Sta. 
Bull.,  173,  531-552;    Vt.  Agr.  Expt.  Sta.  Bull.,  77,  141-147. 
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PROXIMATE  ANAI^YSIS. 
A.  G.  Woodman,  Rrvibwbr. 

Foreign  Coloring:  Matter  in  Milic.  By  Albert  K.  Leach. 
/.  Am,  Chem.  Soc,,  22,  207-210. — The  principal  substances  used 
at  present  to  color  milk  are  annatto,  caramel,  and  yellow  aniline 
dyes.  To  detect  their  presence  about  150  cc.  of  milk  are  curdled 
by  heat  and  acetic  acid  and  the  curd  separated  as  much  as  pos- 
sible from  the  whey.  The  curd  is  macerated  for  an  hour  or 
more  with  ether  which  extracts  only  the  annatto.  If  the  curd, 
after  pouring  off  the  ether,  is  not  left  perfectly  white  the  pres- 
ence of  one  of  the  other  colors  may  be  suspected.  A  portion  of 
the  fat-free  curd  is  placed  in  a  test-tube  and  shaken  with  con- 
centrated hydrochloric  acid.  The  gradual  formation  of  a  blue 
color  indicates  the  presence  of  caramel,  the  immediate  formation 
of  a  pink  tinge  the  presence  of  the  aniline  color. 

A  ComiMirison  of  5ome  Formaldeliyde  Tests.    By  B.  M. 

PiLHASHY.  Pharm.  Rev,,  18,  115-118. — From  a  study  of  sev- 
eral qualitative  tests  proposed  for  formaldehyde  the  author  finds 
that  in  the  method  proposed  by  Trillat  {Compt.  Rend.,  ii|3, 891), 
using  dimethylaniline  and  sulphuric  acid,  the  reaction  is  due  to 
the  excess  of  dimethylaniline  and  not  to  the  formaldehyde.  He 
considers  the  best  reagent  for  formaldehyde  to  be  phenylhydraz- 
ine  hydrochloride,  used  either  with  sulphuric  acid  and  sodium 
acetate  or  with  sodium  nitroprusside  and  strong  caustic  soda, 
the  limit  of  delicacy  being  about  i  :  250,000  in  the  first  case,  and 
I  :  1,000,000  in  the  second.  The  reviewer  would  point  out, 
however,  that  the  value  of  the  test  is  limited  by  the  fact  that  the 
reaction  is  given  by  furfurol  in  the  first  instance,  and  that  acetal- 
dehyde  gives  a  red  color  which  tends  to  mask  the  reaction  in  the 
second  case. 

Metliods  for  tlie  Detection  of  *< Process"  or  •< Renovated" 
Butter.  By  W.  H.  Hess  and  R.  E.  Doouttlk.  /.  Am, 
Chem,  Soc,  22,  150-152. — The  methods  proposed  are  based 
mainly  upon  an  examination  of  the  curd.  The  curd  of  process 
butter  consists  mainly  of  coagulated  casein  in  distinction  from 
the  curd  of  true  butter  which  contains  the  proteids  of  the  cream. 
The  two  kinds  of  curd  may  be  distinguished  readily  by  the 
greater  amount  of  albumin  found  in  the  *' process  *'  butter  curd. 

Tlie  Teclinical  Analysis  of  Licorice  Pastes.  By  M.  Trubek. 
J,  Am,  Chem,  Soc,  22,  19-21. — The  author  describes  the  meth- 
ods in  ordinary  use  together  with  the  method  which  he  has  de- 
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vised  for  the  determination  of  glycyrrhicin.  The  results  of 
analysis  are  given  for  fresh  and  spent  licorice  root. 

The  Determination  of  Qlycogen  and  Relative  Quantities  of 
Qiycogen  in  Different  Parts  of  the  Flesh  of  a  Horse.    By  J.  K. 

Haywood.  /.  Am,  Chem,  Soc,  22, 85-93. — After  trying  a  num- 
ber of  methods  proposed  for  the  determination  of  glycogen  with 
unsatisfactory  results,  the  following  method  was  settled  upon. 
About  50  grams  of  the  ground  meat  are  digested  on  the  water- 
bath  for  six  hours  ^ith  300  cc.  of  a  one  per  cent,  potassium  hy- 
droxide solution.  The  solution  is  then  made  slightly  acid,  and 
the  proteids  completely  precipitated  by  alternate  additions  of 
hydrochloric  acid  and  double  iodide  of  potassium  and  mel-cury. 
An  aliquot  part  of  the  filtered  extract  is  exactly  neutralized  with 
potassium  hydroxide,  three  or  four  drops  of  strong  hydrochloric 
acid  are  added,  and  the  glycogen  is  precipitated  by  the  addition 
of  95  per  cent,  alcohol.  This  is  filtered  off,  washed,  dried  at 
8o°-ioo**  C,  then  at  115**,  and  weighed.  A  number  of  analyses 
are  given  showing  the  amount  of  glycogen  in  different  cuts  of 
horse  meat. 

Chemical  Methods  for  Ascertaining  the  Lime  Requirement 
of  Soils.  By  H.  J.  Wheklbr,  B.  L.  Hartwkll,  and  C.  L. 
Sargent.  /.  Am,  Chem,  Soc,  22,  153-177. — Among  a  number 
of  methods  tried,  those  which  gave  results  most  nearly  compara- 
ble with  the  results  of  field  tests  on  Rhode  Island  soils  were  : 
(i)  Treatment  of  the  soil  with  dilute  ammonia  and  weighing 
the  humus  extracted.  This  method  is  applicable  only  when  the 
acidity  is  due  largely  to  organic  matter.  (2)  A  method  of  titra- 
tion, based  on  measuring  the  number  of  milligrams  of  nitrogen, 
combined  as  ammonium  salts,  held  by  the  soil  when  treated  with 
very  dilute  ammonia.  The  results  by  this  method  agree  quite 
closely  with  the  results  of  crop  tests.  (3)  Comparison  of  the 
color  of  a  direct  ammonia  extract  of  the  soil  with  the  color  of  a 
similar  extract  of  a  soil  of  known  character.  This  method  is 
rapid  and  gives  fairly  good  results. 

A.  H.  GiLX,,  Rkvibwbr. 

On  Hubrs  Iodine  Hethod  for  Oil  Analysis.  By  A.  H.  Gill 
AND  W.  O.  Adams.  /.  Am,  Chem,  Soc,  22,  12-14. — The  au- 
thors recommend  the  use  of  mercuric  iodide  instead  of  the  chlo- 
ride, whereby  the  formation  of  chloride  of  iodine  is  prevented. 
The  results  obtained  show  a  decided  decrease  in  the  amount  of 
substitution,  nearly  the  theoretical  value  being  obtained  for 
oleic  acid. 

On  the  Determination  of  Volatile  Combustible  flatter  in 
Coke  and  Anthracite  Coal.     By  R.  K.  Mkade  and  J.  C.  Attix. 
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J,  Am,  Chem,  Soc.,  2i,  1137. — The  authors  find  that  by  the 
usual  method  (of  Blair)  some  carbon  is  burned.  Their  study  of  the 
matter  has  led  to  the  following  results :  The  larger  the  crucible 
and  flame  used,  the  greater  the  loss  ;  the  tighter  the  joint  be- 
tween cover  and  crucible,  the  less  the  loss ;  the  larger  the  sam- 
ple, the  less  the  loss;  the  fineness  and  per  cent,  of  ash  also  exer- 
cise some  influence.  It  is  suggested  that  the  amount  of  carbon 
burned  during  the  heating  process  can  be  very  closely  deter- 
mined by  a  second  ignition,  the  difference  in  weight  being  the 
amount  burned.  This  gives  results  approximating  closely  to 
those  obtained  by  ignition  in  nitrogen  or  hydrogen. 

Th»  Determination  of  tlie  Bromine  Alisorption  of  Oils.     By 

P.  C.  McIi^HiNEY.  /.  Am.  Chem,  Soc,  21,  1084-1090. — The 
process  resembles  that  published  some  years  ago  by  Snodgrass 
and  Mills,  except  that  it  is  more  rapid,  and  the  quantity  of  bro- 
mine both  added  and  substituted  is  determined.  For  this  pur- 
pose the  oil  is  dissolved  in  carbon  tetrachloride,  and  a  measured 
quantity  of  one-third  normal  bromine  in  the  same  solvent  added; 
after  the  reaction  is  completed,  which  requires  two  minutes,  the 
excess  of  bromine  is  determined  by  potassium  iodide  and  thio- 
sulphate.  The  hydrobromic  acid  formed  by  substitution  is  de- 
termined similarly  by  using  potassium  iodate.  The  process 
seems  accurate,  easily  executed,  rapid,  and  cheap,  and  should 
find  wide  acceptance. 

On  tlie  Rancidity  of  Fats.  By  Iskar  Nagel.  Am.  Chem. 
/.,  23,  173-176. — The  paper  gives  the  results  of  some  experi- 
ments upon  rancid  fats  which  were  carried  on  under  the  late 
Prof.  Benedikt.  Free  fatty  acids  and  hydroxy  acids  are  easily 
removed  by  an  aqueous  solution  of  water-glass,  which  completely 
prevents  emulsions.  Volatile  lactones,  alcohols,  esters,  some 
aldehydes,  acetals  and  terpenes  can  usually  be  removed  by  dis- 
tillation with  steam.  Either  steam  alone  or  steam  mixed  with 
hydrogen  or  carbon  dioxide,  or  distillation  at  ioo*'-i7o**  with  a 
gas  current  or  at  diminished  pressure  may  be  employed  for  the 
purpose.  The  non-volatile  lactones  are  boiled  with  alkali  to 
change  them  to  salts  ;  the  aldehydes  are  removed  by  the  bisul- 
phite method ;  and  the  acetals  are  changed  to  the  alcohols  and 
aldehydes  by  treatment  with  sulphuric  acid,  and  these  sub- 
stances are  then  removed  as  already  explained. 
• 

The  Analysis  of  Essential  Oils.  By  Cwmens  Kleber.  Am, 
J,  Pharm,,  71,  566-584.— The  subject  is  one  requiring  a  thor- 
ough knowledge,  especially  as  the  oils  contain  double-bonded 
compounds  which  change  rapidly.  An  example  of  this  change 
s  shown  in  the  case  of  the  oil  of  cloves,  which,  when  prepared 
by  an  improved  process  in  half  the  usual  time,  gave  an  increased 
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yield  and  finer  fragance.  It  is  shown  further  that  an  oil  prepared 
in  the  laboratory  where  only  a  seven  per  cent,  yield  was  obtained, 
could  not  be  considered  as  a  criterion  by  which  to  judge  of  an 
oil  obtained  by  a  technical  distillation  in  which  1 8  per  cent,  was 
obtained.  With  each  sample  of  oil  should  be  a  statement  giv- 
ing: (i)  genus  and  species  of  plant  used ;  (2)  portions  of  plant 
used ;  (3)  time  at  which  plant  was  collected ;  (4)  method  of 
distillation;  (5)  time  since  distillation  was  made ;  (6)  specific 
gravity,  rotation,  refraction,  and  dispersion;  (7)  solubility  in 
various  strengths  of  alcohol ;  (8)  saponification  and  esterifica- 
tion  numbers.  A  specific  gravity  below  0.84  indicates  aliphatic 
compounds,  above  0.9,  oxygenated  substances,  and  above  i.o,  aro- 
matic substances.  Insolubility  in  70  or  80  per  cent,  alcohol  indi- 
cates hydrocarbons,  in  larger  quantities  of  90  per  cent,  alcohol 
paraffines,  sesqui-  and  polyterpenes.  After  these  preliminary 
tests  the  analysis  proper  is  undertaken,  using  first  a  small  por- 
tion of  the  oil  and  then  if  the  method  employed  has  proved  suc- 
cessful, the  bulk  of  the  oil,  never  trusting  the  entire  stock  of  the 
oil  to  an  untried  or  doubtful  method  of  procedure.  As  cold  does 
not  decompose  the  oils,  they  are  subjected  to  a  chilling  pro- 
cess, often  separating  crystals  of  menthol,  borneol,  etc.  This 
can  be  followed  by  treatment  with  sodium  bisulphite,  thus 
separating  the  aldehydic  and  ketonic  bodies,  which  would  be 
destroyed  by  the  subsequent  treatment.  In  this  process  it  should 
be  borne  in  mind  that  in  some  cases  the  bisulphite  compounds 
form  very  slowly,  requiring  several  days,  as  in  the  case  of  thu; 
jone.  Another  difficulty  is  due  to  the  fact  that  some  aldehydes, 
like  citral,  unite  with  a  second  molecule  of  sodium  bisulphite 
yielding  liquid  compounds.  The  aldehydic  substances  being  re- 
moved, the  acids  and  phenols  are  separated  by  treatment  with 
caustic  potash  or  soda  solution,  too  strong  solutions  not  being 
used  as  these  dissolve  hydrocarbons.  Fractional  distillation  of 
the  residue  now  follows,  preferably  at  a  reduced  pressure  of  15 
mm.;  various  distilling  fiasks  and  receivers  employed  for  this 
purpose  are  shown.  The  article  closes  with  a  table  giving  the 
more  frequently  occurring  constituents  of  the  essential  oils  ar- 
ranged in  the  order  of  their  boiling-points. 

The  Estimation  of  Bisulphide  of  Carbon.  By  A.  Gold- 
berg. Am,  Gas  Light  J, ^  72,  531. — The  method  depends  upon 
the  following  reactions : 

CS.  +  2NH.  =  CS<^^^^ 

CS<^'5?^*  +  ZnO  =  ZnS  +  H.O  +  NH.CNS. 

The  substance  under  examination  is  heated  on  a  water-bath  in 
a  strong,  tightly-closed  flask  with  5  cc.  ammonia  (sp.  gr.  0.91) 
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and  25  cc.  absolute  alcohol,  to  a  temperature  of  66"^  although 
100''  does  no  harm.  When  the  reaction  is  finished,  the  solution 
which  should  be  of  a  yellow  color,  is  considerably  diluted,  a 
known  volumeof  a  standard  ammoniacal  solution  of  zinc  is  added, 
and  the  solution  is  heated  to  boiling  with  continuous  stirring. 
The  excess  of  zinc  is  determined  by  a  standard  solution  of  so- 
dium sulphide  using  sodium  nitroprusside  as  an  indicator.  The 
results  of  four  analyses  agreed  well. 


APPARATUS. 

A.  H.  Gill,  Rbvxbwbr. 

Description  of  a  New  Respiration  Calorimeter.     By  W.  O. 

Atwater  and  E.  B.  Rosa.  U.  S,  Dept,  Agr.  Bull,,  t^\Phys. 
Rev.,  9,  129-163. — **  The  essential  features  of  the  apparatus  are : 
I.  A  chamber  in  which  the  subject  of  the  experiment,  a  man, 
lives,  eats,  drinks,  sleeps,  and  works  during  a  period  of  several 
days  and  nights.  2.  Arrangements  for  ventilation  by  a  current 
of  air  which  is  drawn  in  from  out  of  doors  and  passes  through 
the  chamber.  The  volume  of  this  current  is  measured  and  the 
percentage  of  moisture  in  it  and  carbon  dioxide  contained  in  it  de- 
termined before  and  after  leaving  the  chamber ;  the  temperature 
of  the  air  is  the  same  when  leaving  as  upon  entering.  3.  Ar- 
rangements for  passing  food  and  drink  into  the  chamber  and  re- 
moving the  solid  and  liquid  excreta.  4.  Arrangements  for 
measuring  the  heat  given  off  from  the  body  of  the  man  in  the 
chamber  and  the  heat  equivalent  of  the  external  muscular  work." 
The  inner  chamber  is  provided  with  double  walls  ;  the  innermost 
wall  is  of  polished  copper  and  measures  7x6^x4  feet  inside ;  out- 
side of  this  and  separated  from  it  by  an  air  space  of  3  inches  is 
a  zinc  wall.  This  is  surrounded  with  three  concentric  walls 
of  wood  2  inches  apart.  In  the  spaces  between  these  latter  walls 
air  is  made  to  circulate  by  fans.  To  measure  the  temperature 
of  the  zinc  and  copper  walls,  304  thermoelectric  junctions  of 
German  silver-iron  are  employed.  It  being  so  arranged  that 
no  heat  can  escape  or  enter  through  the  walls  of  the  calorimeter, 
the  heat  generated  is  measured  and  carried  away  by  a  stream  of 
water  flowing  through  a  copper  **  absorber.** 

A  Simplified  Redactor.  By  P.  W.  Shimer.  /.  Am.  Chem. 
Soc,  21,  723-4. — The  differences  from  the  usual  form  consist  in 
the  use  of  a  small  quantity  of  amalgamated  zinc,  80  grams,  sup- 
ported upon  a  sand  filter  in  a  narrow  tube.  The  hot  lower  part 
of  the  reductoris  particularly  effective  in  the  reduction. 

Apparatus  for  the  Analysis  of  Illuminating  and  Fuel  Oases. 

By  G.  E.  Thomas.    /.  Am.  Chem.  Soc,   21,1108-1112. — The 


Apparatus,  105 

apparatus  is  essentially  a  modification  of  the  well-known  Orsat 
apparatus,  and  cannot  be  described  without  the  figure.  No  re- 
sults of  work  with  the  apparatus  are  given,  although  they  are 
stated  to  be  **  eminently  satisfactory,"  In  view  of  the  fact  that 
the  explosion  is  made  over  water  and  that  the  *'  illuminants  " 
are  absorbed  with  bromine,  it  is  difiScult  to  understand  how 
this  can  be  the  case.  Nor  would  this  description  seem  to  apply 
to  the  apparatus  itself ;  for  since  it  contains  eight  glass  stop- 
cocks, it  must  be  expensive  to  make  and  maintain ;  and  from 
the  shape  of  the  absorption  bottles  it  must  be  fragile  and  cum- 
bersome. 

Note  on  a  Method  of  Standardizing  Weights.     By  T.  W. 

Richards.  /.  Am,  Chem,  Soc,  22,  144-149. — The  weights  are 
compared  by  substitution,  the  comparison  beginning  with  centi- 
grams and  proceeding  upwards ;  the  weights,  being  the  objects 
to  be  weighed,  are  placed  on  the  left  hand  pan.  Every  weight 
is  compared  with  every  other  weight  of  the  same  size  and  with 
the  sum  of  the  smaller  weights ;  the  centigram  weight  is  assumed 
to  be  correct  and  from  it  the  values  of  all  the  other  weights  can 
be  determined.  The  data  and  results  of  standardizing  a  set  of 
weights  are  given  as  an  illustration. 

Laboratory  ilethod  for  the  Continuous  and  Uniform  Genera- 
tion of  Acetylene  for  its  Purification.  By  J.  A.  Mathews.  /. 
Am,  Chem,  Soc,  22,  106-108. — The  fragments  of  calcium  car- 
bide are  suspended  in  a  basket  of  coarse  wire  netting  in  a  wide- 
mouthed  bottle ;  the  bottle  is  closed  with  a  doubly  perforated 
stopper  carrying  a  dropping  tube  and  gas  delivery  tube ;  and  the 
carbide  is  covered  with  95  per  cent,  alcohol.  The  water  in  the 
alcohol  starts  the  generation  of  gas  which  is  continued  by  the 
addition  of  more  water,  the  temperature  being  kept  low  by  the 
alcohol.  When  the  carbide  is  used  up,  the  alcohol  may  be  dis- 
tilled off  giving  nearly  absolute  alcohol,  especially  if  the  first 
few  cubic  centimeters  coming  over  be  rejected.  The  gas  is  puri- 
fied by  passing  through  acid  copper  sulphate  solution  and  chro- 
mic acid. 

A  Simplification  of  Beckmann's  Boiling-point  Apparatus. 

By  S.  L.  Bigblow.  Am,  Chem,  /.,  22,  280-7. — '^^^  various 
asbestos  stoves,  mantels,  lamps,  etc. ,  are  replaced  by  a  heating 
coil  of  platinum  wire  20  cm.  long,  and  o.  i  mm.  in  diameter.  A 
current  of  two  amperes  gives  ample  heating  effect  for  all  ordi- 
nary solvents.  The  coil  is  connected  up  by  sealing  the  ends 
through  a  tube  afterwards  filled  with  mercury,  into  which  the 
lead  wires  dip.  A  felt  mantle  or  preferably  a  Dewar's  vacuum- 
jacketed  vessel  complete  the  apparatus.  The  results  obtained 
with  it  by  students  were  very  satisfactory. 
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A  Method  for  the  Determination  of  the  Melting-point.     By 

M.  KuHARA  AND  M.  ChikashigS.  Am,  Chem.  /.,  23,  230- 
233. — The  modification  consists  in  replacing  the  familiar  capil- 
lary tube  by  a  pair  of  halved  microscope  cover  glasses  held  to- 
gether by  pieces  of  platinum  foil  and  wire.  This  permits  the 
heat  of  the  bath  to  be  conducted  throughout  the  whole  mass  and 
enables  a  sharp  melting-point  to  be  taken,  it  being  shown  by  the 
glass  becoming  transparent.  The  results  obtained  agree  well 
with  the  usually  accepted  melting-points. 

Absorption  Apparatus  for  Elementary  Organic  Analysis. 

By  Francis  G.  Benedict.  Am,  Chem,  J,,  33,  323-334. — ^A  y- 
tube  containing  a  graduated  vial  for  the  condensation  and  col- 
lection of  water,  s^led  in  the  bend  with  strong  sulphuric  acid, 
and  having  one  arm  filled  with  glass  wool  saturated  with  acid, 
is  used  for  the  absorption  of  water.  Carbon  dioxide  is  absorbed 
in  slightly  moistened  soda-lime,  two  ({-tubes  being  used,  the  last 
one  being  partly  filled  with  pumice  stone  saturated  with  sul- 
phuric acid.  The  increase  in  the  second  tube  is  usually  7  milli- 
grams ;  if  it  be  more,  the  first  tube  should  be  renewed.  For 
drying  the  air  or  oxygen  a  12-inch  chloride  of  calcium  jar  con- 
taining pumice  drenched  with  sulphuric  acid  is  used  ;  this  has 
a  tubulus  sufficiently  removed  from  the  base  that  the  cavity  may 
contain  about  20  cc.  of  acid. 

An  Apparatus  for  Determining  Molecular  Weights  by  the 
Boiling-point  Method.  By  Herbert  N.  McCoy.  Am,  Chem. 
/•»  23»  353"36o. — The  apparatus  used  is  a  modification  of  Lands- 
berger*s,  the  change  consisting  in  boiling  a  part  of  the  solvent 
in  a  jacket  outside  the  tube  in  which  the  substance,  the  molecu- 
lar weight  of  which  is  to  be  determined,  is  contained.  This 
vapor  is  conducted  through  the  solution  in  the  inner  tube.  By 
this  method  an  equilibrium  is  easily  maintained  between  vapor 
and  solution,  and  condensation  is  avoided,  so  that  six  determina- 
tions of  the  boiling-point  may  be  made  with  the  same  amount  of 
substance  where  only  two  were  formerly  possible.  The  results 
agree  well  with  those  obtained  by  Beckmann. 

A  Distilling  Column  for  Illustrating  the  Principle  of  Frac- 
tional Distillation  and  of  Dephlegmators.  By  Oswald  Schrei- 
NERS.  Pharm,  Rev,,  18,  8. — The  apparatus  consistsof  a  Cofiey's 
distilling  column  of  twelve  sections  arranged  for  drawing  off  the 
various  fractions  and  determining  their  boiling-points.  Results 
are  given  showing  the  concentration  obtained. 

A  Method  for  Carrying  out  Chemical  Reactions  under  High 
Pressures.  By  B.  H.  Hite.  Am,  Chem,  J,,  22,  80-86.--A 
platinum  or  collapsible  lead  or  tin  paint  tube  closed  with  a  screw 
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cap  is  placed  in  a  lead  tube  6  inches  long  and  i^  inches  in 
diameter,  is  filled  with  water,  closed  with  a  lid,  and  placed  in  a 
steel  cylinder  (6x7  inches)  with  a  hole  through  it  i^  inches  in 
diameter.  The  lead  tube  rests  upon  a  plug  closing  the  lower 
end  of  the  steel  cylinder,  while  the  upper  end  is  closed  by  a  pis- 
ton ;  upon  this  the  pressure  is  exerted  by  means  of  a  hydraulic 
press,  pressures  up  to  100  tons  per  square  inch  being  employed. 
The  effect  of  the  arrangement  is  to  enclose  the  liquids  to  be 
tested  in  one  continuous  piece  of  metal.  Arrangements  are  made 
by  means  of  a  cylinder  fitted  with  a  screw,  whereby  this  pressure 
can  be  maintained  for  a  considerable  length  of  time. 

A  Modified  Soxhlet  Apparatus  for  tiie  Extraction  of  Fat  from 
Liquids.  By  A.  E.  Tayi^or.  Am,  /.  Physiol,,  3,  183-5.— The 
modifications  consist  in  raising  the  junction  of  the  siphon  tube 
with  the  body  of  the  extractor  so  as  to  leave  about  1 10  cc.  of  liquid 
in  the  latter.  The  solvent  passes  to  the  bottom  of  the  extractor 
through  a  tube  ending  in  a  rose  connected  with  the  condenser, 
and  thence  up  through  the  liquid.  No  cork  connections  are  used. 
The  apparatus  is  easily  made  and  cleaned. 

H.  M.  GOODWIIT,  Revibwbr. 

Three  Additions  to  tlie  Kolilrausch-Ostwald  Conductivity 
riethod.  By  J.  Livingston  R.  Morgan.  /.  Am,  Chem. 
Sac,  32,  1-5. — The  first  addition  consists  of  the  substitution  of 
a  special  magnetic  vibrator  operated  at  a  distance  for  the  usual 
vibrating  spring  contact  in  the  primary  circuit  of  the  induction 
coil ;  the  second,  the  familiar  use  of  extension  coils  at  the  end 
of  the  slide  wire  bridge ;  and  the  third,  the  use  of  two  contact 
points  on  the  slide  wire  to  assist  in  locating  the  position  of 
points  where  the  sound  heard  in  the  telephone  is  of  equal  in- 
tensity. 

A  New  interrupter  for  tlie  Kohlrausch-Ostwald  Conductivity 
riethod.  By  J.  Livingston  R.  Morgan.  /.  Am,  Chem, 
SoCf  22,  26-28. — A  slight  modification  of  the  interrupter  re- 
ferred to  above.  The  wire  carrying  the  primary  current  of  the 
induction  coil  vibrates  between  the  poles  of  an  electromagnet, 
the  contact  being  made  and  broken  through  a  mercury  cup. 
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Note  on  the  Preimration  of  Metallic  Lithium.  By  Louis 
Kahi«bnberg.  /.  Phys,  Chem.,  3,  602-603. — Wthium  may  be 
obtained  in  white  metallic  form  from  solutions  of  lithium  chlo- 
ride in  pyridiMe  by  electrolysis  at  room  temperature.  By 
electrolyzing  a  concentrated  solution  of  the  chloride,  using  a  car- 
bon plate  for  anode  and  an  iron  plate  for  cathode,  a  current  of 
from  0.2  to  0.3  ampere  per  100  sq.  cm.  of  kathode  area,  and  a 
difference  of  potential,  of  but  14  volts  between  the  electrodes,  a 
dense,  well-adhering,  silver  white  coating  of  metallic  lithium 
will  soon  be  deposited. 

The  Supposed  Isomeric  Potassium  Sodium  Sulphites.    By 

Geo.  S.  Fraps.  Am,  Chem.J,^  23,  202-214. — According  to 
Rohrig  two  isomeric  sodium  potassium  sulphites  may  exist,  the 
one  being  formed  by  neutralization  of  acid  sodium  sulphite  with 
potassium  carbonate,  the  other  by  neutralization  of  acid  potassium 
sulphite  with  sodium  carbonate.  Schwicker  claims  to  have  ob- 
tained two  double  salts,  4C,H5S03Na+KI,  and  4C,H5SO,K+NaI, 
by  heating  the  isomeric  sulphites  with  ethyl  iodide  and  recrystal- 
lizing  from  alcohol,  the  former  by  starting  from  acid  sodium  sul- 
phite and  potassium  carbonate,  and  the  latter  by  starting  from 
acid  potassium  sulphite  and  sodium  carbonate.  This  would 
indicate  the  existence  of  the  isomeric  salts  K — SO, — ONa  and 
Na — SO, — OK.  The  work  of  Schwicker  was  repeated  ;  the  two 
salts  which  were  supposed  to  be  isomeric  were  heated  with  ethyl 
iodide,  the  time  of  heating  and  the  strength  of  alcohol  with  which 
the  product  was  extracted  being  varied.  The  product  was  ana- 
lyzed for  sodium  and  potassium.  If  the  salts  were  isomeric  there 
should  be  a  difference  in  the  ratio  of  sodium  to  potassium.  The 
variation  in  the  ratio  Na :  K  in  the  different  experiments  is 
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ascribed  to  the  difference  in  the  conditions.  The  author  found 
that  recrystallization  from  alcohol,  and  the  use  of  absolute  alco- 
hol increased  the  ratio,  but  in  seven  sets  of  experiments  no  val- 
ues were  found  which  would  indicate  the  isomerism  of  the  two 
salts. 

•  Preparation  and  Properties  of  tlie  So-Called  '•  Nitrogen 
Iodide."  By  F.  D.  Chattaway  and  K.  J.  P.  Orton.  Am. 
Chem.J.y  23,  363-368. — The  most  convenient  method  of  prepar- 
ing nitrogen  iodide,  NjH,!,  is  by  bringing  together  ammonia 
solution  and  a  cold  solution  of  iodine  monochloride,  made  by 
treating  iodine  with  a  mixture  of  hydrochloric  and  nitric  acids  to 
which  ice  has  been  added.  The  black  precipitate  of  nitrogen 
iodide  which  at  once  separates  may  be  filtered  off  with  safety, 
and  washed  with  dilute  ammonia.  The  salt  in  crystalline  form 
may  be  obtained  by  adding  15  cc.  tenth-normal  iodine  mono- 
chloride  to  100  cc.  half-normal  potassium  hydroxide,  and  then 
adding,  as  rapidly  as  possible,  100  cc.  of  ammonia  of  sp.  gr.  0.88. 
Glittering  copper- colored  crystals  separate  after  a  few  moments; 
they  are  small,  flattened,  orthorhombic  needles,  dichroic,  and 
have  a  specific  gravity  of  3.5.  Pure  nitrogen  iodide  is  without 
action  on  litmus,  does  not  give  the  reaction  of  iodine  with  chlo- 
roform ;  but  in  contact  with  water  it  is  slowly  decomposed.  It 
may  be  dried  in  an  atmosphere  of  ammonia  over  lime  without 
decomposition,  if  light,  to  which  it  is  extremely  sensitive,  be 
excluded.  Nitrogen  is  slowly  given  off  in  diffused  light  from 
the  compound  suspended  in  water  ;  in  direct  sunlight  efferves- 
cence takes  place.  The  partially  decomposed  substance  is  more 
explosive  than  the  pure  salt. 

Tlie  Action  of  Reducing  Agents  upon  Nitrogen  Iodide.    By 

F.  D.  Chattaway  and  H.  P.  Stevens.  Am.  Chem,  /.,  23, 
369-376. — All  ordinary  reducing  agents  when  brought  in  con- 
tact with  nitrogen  iodide  suspended  in  water  rapidly  decompose 
it,  and  the  quantity  of  reducing  agent  oxidized  is  found  in  every 
case  to  be  exactly  double  the  amount  equivalent  to  the  hydriodic 
acid  produced.  The  reducing  agents  investigated  were  sodium 
sulphite,  stannous  chloride,  hydrogen  sulphide,  sulphurous,  arse- 
nious,  and  antimonious  acids.  Nitrogen  iodide  prepared  by  dif- 
ferent methods  was  used,  and  in  each  case  the  ratio  of  the  amount 
of  reducing  agent  oxidized,  to  that  of  the  hydriodic  acid  pro- 
duced was  2:1.  The  influence  of  the  action  of  light  upon  the 
ratio  was  very  marked. 

On  the  Cause  of  the  Evolution  of  Oxygen  when  Oxidizable 
Qases  are  Absort)ed  by  Permanganic  Acid.  By  H.  N.  Morse 
AND  H.  G.  Byers.  Am.  Chem,J,,  23,  313-322. — It  was  sug- 
gested in  a  former  paper  {this  Rev.,  Si  i)  that  the  evolution  of 


Inorganic  Cket^istry,  iii 

oxygen  which  occurs  when  hydrogen  or  carbon  monoxide  is 
absorbed  by  acidified  solutions  of  potassium  permanganate  is  due 
to  the  action  of  the  peroxide  which  is  formed  upon  the  excess  of 
permanganic  acid  ;  and,  further  that  the  cause  of  this  action  of 
the  oxide  upon  the  acid  may  be  a  tendency  on  the  part  of  the 
simpler  peroxide  molecules  to  polymerize  to  more  complex  ones 
at  the  expense  of  the  acid.  The  experiments  show,  as  regards 
carbon  monoxide,  that  when  this  gas  is  absorbed  by  neutral  solu- 
tions of  potassium  permanganate  there  is  no  evolution  of  oxygen; 
but  when  an  acid  is  afterwards  added,  there  is  an  evolution  of 
oxygen  similar  in  all  respects  to  that  which  is  observed  when  an 
equal  volume  of  the  gas  is  absorbed  by  an  acidified  solution  of 
permanganate  of  the  same  concentration.  If  the  reduction  of 
the  acid  is  due  to  the  tendency  to  form  complex  molecules,  then 
the  evolution  of  oxygen  should  gradually  diminish  in  rapidity 
as  the  polymerization  increases.  This  has  been  shown  to  be  the 
case,  and  further  it  has  been  shown  that  when  the  gas  is  absorbed 
in  acid  solution  the  period  of  rapid  evolution  does  not  terminate 
with  the  disappearance  of  the  gas,  as  it  should  if  the  gas  is  the 
direct  cause  of  the  liberation  of  oxygen.  Polymerization  should 
also  require,  if  the  quantity  of  the  gas  absorbed  remains  constant, 
that  the  volume  of  oxygen  liberated  within  a  given  time  increases 
with  increasing  concentration  of  the  permanganic  acid.  This 
has  also  been  proved  to  be  the  case.  The  experiments  were 
carried  out  in  a  tube  holding  loo  cc.  which  was  agitated  at  a 
nearly  constant  temperature. 

Permanganic  Acid  by  Electrolysis.  By  H.  N.  Morse  and 
J.  C.  Olsen.  Am.  Chem.J,,  23,  431-443. — In  order  to  obtain 
manganese  dioxide  entirely  free  from  potassium  and  other  impur- 
ities the  authors  have  devised  an  apparatus  by  which  they  can 
electrolyze  potassium  permanganate  and  obtain  pure  perman- 
ganic acid.  The  cell  is  composed  of  a  beaker  holding  1800  cc, 
placed  in  a  galvanized  iron  tank  through  which  water  is  kept 
passing.  In  the  beaker  is  a  porous  cup  of  250  cc.  capac- 
ity in  which  is  placed  the  negative  electrode,  made  of  a  silver 
plate  50  mm.  square,  and  a  siphon  through  which  the  alkali  may 
be  drawn  off.  In  the  beaker  the  platinum  positive  electrode  dips 
into  a  potassium  permanganate  solution  containing  about  40 
grams  of  the  salt  in  a  liter.  As  a  rule,  the  cells  were  found  to 
have  a  low  resistance  in  the  beginning,  amounting  to  from  5  to 
lo  ohms  on  the  first  day,  rising  to  25  or  30  ohms  on  the  second 
day,  and  declining  on  the  third  and  fourth  days  to  10  or  14  ohms. 
Different  porous  cells  were  tried,  and  it  was  found  that  the  more 
porous,  the  smaller  was  the  yield  of  acid.  Using  an  ordinary 
battery  cup  the  yield  of  acid  has  usually  been  from  87  to  92  per 
cent,  of  the  theoretically  possible  amount.     The  concentration  of 
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the  acid  was  usually  9-10  per  cent.  Advantage  was  taken  of 
the  phenomenon  of  **  electrical  endosmose  *' for  the  concentra- 
tion of  the  acid.  With  a  current  varying  between  i  and  1.5 
amperes,  about  500  cc.  of  water  passes  out  of  the  permanganate 
solution  into  the  cup.  By  replacing  the  water  thus  drawn  off  by 
a  4  per  cent,  permanganate  solution,  20  grams  of  the  salt  could 
be  added  each  day.  The  electrical  conductivity  of  an  acid  made 
from  silver  permanganate  was  measured  and  was  found  to  agree 
more  closely  with  the  previous  determinations  of  Lov6n,  than 
with  those  of  Franke.  Experiments  were  also  made  with  other 
permanganates  and  with  potassium  dichromate  which,  it  was 
found,  can  be  electrolyzed  in  a  similar  manner. 

A  Contribution  to  tlie  Knowledge  of  Tellurium.  By  F.  D. 
Crane.  Am,  Chem,/,,  23,  408.— The  author  has  studied  the 
different  methods  of  precipitation,  purification,  and  determina- 
tion of  tellurium.  The  crude  material  was  obtained  by  extract- 
ing with  hydrochloric  acid  the  residue  from  the  electrolytic  refi- 
ning of  copper,  and  precipitating  by  means  of  acid  sodium  sul- 
phite. It  was  found  that  the  tellurium  may  be  precipitated  by 
means  of  metallic  magnesium,  the  excess  of  this  metal  being 
converted  to  oxide  by  boiling,  and  subsequently  dissolved  by 
acetic  acid.  A  convenient  means  of  removing  selenium  from 
solution  was  found  to  be  by  the  addition  of  freshly  precipitated 
tellurium  which  throws  out  of  solution  all  of  the  selenium  ;  and 
it  is  stated  that  it  will  also  throw  out  the  more  metallic  elements 
which  usually  accompany  tellurium,  but  no  experiments  are 
given  to  confirm  this  statement.  It  was  shown  that  tellurium 
may  be  detected  in  very  dilute  solutions  by  acid  sodium  sulphite, 
and  that  ferrous  sulphate  is  an  equally  sensitive  reagent  for  sele- 
nium (see  this  Rev,,  6,  63)even  in  the  presence  of  tellurium  tetra- 
chloride, but  not  in  that  of  the  dichloride.  In  order  to  avoid  cer- 
tain suspected  sources  of  error,  and  to  add  nothing  but  hydrochloric 
acid  as  a  reagent,  a  method  of  dissolving  tellurium  by  electro- 
lytic chlorine  was  devised.  For  the  determination  of  tellurium 
a  special  form  of  apparatus  was  devised,  whereby  it  might  be 
filtered,  washed,  and  dried  in  a  current  of  hydrogen.  Inasmuch 
as  five  of  the  six  results  given  are  high,  and  as  tellurium  has  a 
remarkable  tendency  to  absorb  other  substances  when  precipita- 
ted as  metal — the  precipitation  having  been  made  with  acid 
sodium  sulphite — the  apparatus  seems  to  the  reviewer  to  be  an 
unnecessary  refinement.  A  yellow,  crystalline  form  of  tellurium 
dioxide  was  obtained  by  pouring  a  solution  of  tellurium  tetra- 
chloride in  hydrochloric  acid  into  boiling  water. 

On  Chlorine  Heptoxide.  By  Arthur  Michael  and  Wai.- 
LACE  T.  Conn.     Am,  Chem,/,,  23,  444-446. — Perchloric  acid 
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was  prepared  by  bringing  together  25  grams  of  perchlorate  and 
ICO  grams  of  sulphuric  acid  (sp.  gr.  1.839  ^t  15^)  in  a  fractiona- 
ting flask  whose  low  lateral  tube  was  connected  with  a  second  flask 
placed  in  a  freezing-mixture.  The  mixture  in  the  fractionating 
flask  was  heated  under  10-20  mm.  pressure  in  a  paraffin  bath. 
The  reaction  starts  at  90°,  and  in  an  hour  the  temperature  may 
be  raised  to  160".  The  yield  of  slightly  colored  acid  was  85-90 
per  cent.  In  contact  with  paper  or  wood  it  explodes,  carboniz- 
ing the  material ;  but  it  may  be  mixed  with  well-cooled  alcohol 
without  explosion.  To  prepare  chlorine  heptoxide,  perchloric 
acid  was  brought  slowly  into  contact  with  phosphorus  pentox- 
ide  in  a  retort  cooled  below  — 10'.  The  retort  is  sdlowed  to  stand 
in  the  freezing-mixture  for  a  day,  then  connected  with  a  well- 
cooled  receiver,  and  slowly  warmed  in  a  water-bath  to  85**,  when 
the  oxide  passes  over.  The  freshly  prepared  substance  may  be 
redistilled  under  ordinary  pressure.  Chlorine  heptoxide  is  a  col- 
orless, very  volatile  oil,  which  on  standing  turns  yellowish  green 
with  liberation  of  a  greenish  gas.  Brought  into  contact  with  a 
flame  it  explodes  violently,  but  in  contact  with  most  substances 
it  is  remarkably  stable.  It  may  be  poured  on  wood,  paper,  or 
similar  organic  substances  with  impunity.  No  reaction  takes 
place  with  stick  sulphur  even  after  standing  several  days.  It 
may  likewise  be  poured  on  a  cooled  piece  of  phosphorus  and 
remain  several  days  without  being  attacked.  A  slow  reaction 
takes  place  when  it  is  brought  into  contact  with  benzene  or  iodine. 
With  cold  water  it  sinks  to  the  bottom  of  the  vessel,  and  slowly 
passes  over  into  perchloric  acid. 

Some  New  Tellurium  Compounds,  By  Victor  I<bnhbr. 
/.  Am,  Chem.  Soc.y  22,  136-141. — The  chlortellurates  and  the 
bromtellurates  of  methyl,  and  ethylamine,  aniline,  pyridine,  and 
quinoline,  and  the  bromtellurate  of  trimethylamine  were  pre- 
pared by  bringing  together  solutions  of  their  salts  in  the  corre- 
sponding halogen  acids.  The  precipitate  thus  formed  was  puri- 
fied by  recrystallization  from  an  acid  solution.  Since  the  author 
has  not  mentioned  the  preparations  in  which  the  salts  were 
brought  together,  we  are  led  to  infer  that  only  the  2  :  i  type  of 
salt  is  capable  of  existence,  but  it  seems  more  than  probable  that 
other?  of  not  so  simple  a  type  could  have  been  isolated  if  the 
proportions  of  the  two  salts  had  been  varied. 

The  Thermochemistry  of  Iron  and  Steel.  By  K.  D.  Camp- 
bell. /.  Am.  Chem.  Soc,  22,  205-206. — This  paper  is  a  with- 
drawal of  a  former  article  entitled  **  A  Preliminary  Thermochem- 
ical  Study  of  Iron  and  Steel  **  {this  Rev. ,  3,  2) .  It  is  now  shown 
that  the  solution  of  carbide  of  iron  in  double  chloride  of  copper 
and  ammonium  is  much  accelerated  when  a  small  -quantity  of 
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free  hydrochloric  acid  is  present,  but  that  the  amount  of  free       ^ 
acid  up  to  4  pefr  cent,  does  not  appreciably  influence  the  amount 
of  heat  evolved.     The  heat  of  solution  of  steel  in  slightly  acid 
copper  ammonium  chloride  is  not  changed  more  than  2  percent, 
by  variation  in  the  heat  or  mechanical  treatment  of  the  sample. 

Notes  on  Selenium  and  Tellurium.  By  Edward  Kbllbr. 
/.  Am,  Chem.  Soc,  22,  241-245. — In  a  previous  paper  (^this 
Rev.y  4»  4)  the  author  pointed  out  the  difference  of  behavior  of 
selenium  and  tellurium  in  the  dioxide  state,  towards  sulphur 
dioxide  and  ferrous  sulphate  in  solutions  of  hydrochloric  acid. 
These  reactions  have  now  been  studied  with  the  idea  of  using 
them  for  the  quantitative  separation  of  the  two  elements.  It  has 
been  found  that  selenium  is  most  readily  precipitated  by  sulphur 
dioxide  in  strong  hydrochloric  acid  solution  while  tellurium  is 
not  precipitated  until  the  acidity  of  the  solution  is  lowered  to  80 
per  cent.  Details  are  given  for  the  application  of  this  method  to 
the  quantitative  determination  of  selenium  and  tellurium  in  cop- 
per. The  author  has  found  that  in  commercial  work  the  criti- 
cism against  determining  tellurium  in  the  metallic  state  on 
account  of  oxidation  is  unjustified. 

Upon  Bismuth  Cobalticyanide.  By  J.  A.  Mathews.  /. 
Am,  Chem,  Soc,  22,  274-277. — The  quantitative  precipitation  of 
bismuth  cobalticyanide  was  studied.  The  precipitate  is  crys- 
talline, settles  and  filters  well,  and  retains  water  below  165**. 
The  author  remarks  that  it  has  not  been  found  useful  in  the 
analysis  of  pig-lead,  as  anticipated,  **  but  it  may  still  be  found 
useful  in  the  analysis  of  lead-bismuth  alloys,  '  fusible  metals  ' 
such  as  Wood's  alloy,  etc.'*  His  results  do  not,  however,  in  the 
least  indicate  its  usefulness.  Below  a  concentration  of  0.0079 
gram  of  bismuth  per  cubic  centimeter  the  precipitation  was 
under  no  conditions  complete,  and  at  ten  times  that  dilution  no 
precipitate  was  produced  even  on  long  standing. 
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The  Zellweger  Roasting  Kiln.  By  J.  Zeli^weger.  Eng. 
Min.J,y  69,  260-262. — This  is  a  straight-line,  single-hearth, 
mechanical  reverberatory  roasting  furnace,  15  X  135  feet,  with 
external  fire  places.  The  new  feature  is  the  rolling  stirrer  which 
turns  over  the  ore  and  moves  it  slowly  from  feed  to  discharge. 
It  consists  of  a  heavy  shaft  carried  by  wheels,  6  feet  in  diameter, 
rolling  on  tracks  in  the  depressed  wheel-pits  on  either  side  of  the 
hearth.  The  shaft  carries  a  number  of  collars  on  which  are  mount- 
ed projecting  V-shaped  blades.  While  travelling  from  feed  to  dis- 
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charge,  the  collars  are  locked  to  the  shaft,  and  the  blades  scoop  up 
the  ore  during  one*half  of  a  revolution  and  discharge  it  during  the 
other  half,  thus  stirring,  mixing,  and  moving  it.  During  the 
return  trip,  the  collars  are  unlocked,  and  revolving  around  the 
shaft  cause  the  blades  to  displace  the  ore  only  about  in  the  same 
way  that  a  plow  or  rake  would.  The  furnace  is  in  use  at  the 
works  of  the  Cherokee  Lanyon  Spelter  Co.,  Gas  City  (Tola), 
Kans.,  and  treats  in  twenty- four  hours  15  tons  of  blende  redu- 
cing the  sulphur  to  i  per  cent.,  12^  tons  if  the  sulphur  is  reduced 
to  \  and  16^  tons  if  i^  percent,  sulphur  are  allowed  to  remain  in 
the  roasted  ore. 

Utilizing  the  Heat  of  Molten  Slag.  By  H.  I<ang.  Eng. 
Min,  J, ,  69,  493-494.  By  Bretherton,  Eng.  Min,  /. ,  69, 614. — 
The  author  criticizes  the  claims  made  by  Bretherton  {this  Rev., 
6|  45)  that  by  means  of  his  apparatus  he  is  able  to  raise  the  tem- 
perature of  the  blast  to  5oo°-6oo°  F.  The  second  reference  is  to 
Bretherton's  reply. 

Notes  on  Lead  Smelting  and  Gold  and  Silver  Refining ;  V, 
Cost  of  Smelting  Silver^L^ad  Ores.  By  M.  W.  Ii.ES.  Eng. 
Min,/.,  69,  258-259. — After  a  few  general  remarks  on  the  rela- 
tions that  should  exist  among  the  officers  in  charge  of  a  smelt- 
ing plant,  the  author  shows  that  between  1887  and  1898  the  cost 
of  smelting  at  the  works  of  the  Globe  Smelting  and  Refining  Co., 
Denver,  Colo.,  was  reduced  from  $4,644  to  $2,260  per  net  ton  of 
ore.  In  1886,  the  blast-furnaces  were  36  X  100  in.  at  the  tuyeres, 
1 1  ft.  from  tuyeres  to  throat,  the  blast  pressure  was  i  lb.  per  sq. 
in.,  the  matte  settlers  had  a  capacity  of  6  cu.  ft.  and  slag  was 
collected  in  pots  holding  250  lbs.  which  were  pulled  by  men.  In 
1899,  the  blast-furnaces  were  42  X  120  in.  at  tuyeres,  16  ft.  from 
tuyeres  to  throat,  the  blast  pressure  was  3-4  lbs.  per  sq.  in.,  the 
matte  boxes  (at  the  Globe  works)  had  a  capacity  of  128  cu.  ft., 
and  small  switch-engines  handled  per  trip  3000-6000  lbs.  slag. 
The  results  were  obtained  with  slags  containing  31-34  per  cent. 
SiO,.  When  a  slag  ran  high  in  lead,  this  could  be  reduced  by 
adding  lime  to  the  charge  or  in  some  cases  by  increasing  the 
percentage  of  fuel.  While  iron  flux  was  more  expensive  than 
limestone,  it  was  often  advantageous  to  make  slags  running  high 
in  iron  on  account  of  the  larger  amount  of  charge  that  could 
be  put  through  with  them.  The  author  is  confident  that  the 
cost  of  $2.26  for  smelting  a  net  ton  of  ore  can  be  further  reduced 
by  using  coke  made  from  washed  coal  (the  present  Colorado  coke 
containing  16^22  percent,  ash),  and  by  improving  the  system 
of  handling. 
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Notes  on  Lead  Smelting  and  Gold  and  Silver  Refining, — 
Apparatus  for  Collecting  Solids  from  Smoke.  By  M.  W.  Ilbs. 
Eng.  Min.  /.,  69,  647. — The  paper  is  an  illustrated  description 
of  a  No.  2  Pelton  wheel  driving  a  Monogram  Sturtevant 
blower  which  aspirates  the  smoke  and  delivers  it  into  a  tin  box, 
3  ft.  square  and  5  ft.  high,  with  a  discharging  door  at  the  side  and 
thimble,  18  in.  in  diameter  and  12  in.  long,  at  the  top.  Over  the 
thimble  is  placed  a  sack,  60  in.  in  circumference  and  20  ft.  long, 
made  of  plain  woven  cotton  cloth  having,  per  square  inch  of  sur- 
face, 44-50  threads  in  the  warp  and  in  the  woof.  By  running 
the  apparatus  for  10-14  days  and  gathering  the  filtered  solids,  a 
correct  idea  of  the  metal  lost  is  easily  obtained. 

A  Portable  Stamp>-nill.  By  Taylor.  Eng,  Min,/.,  69, 263. 
— The  apparatus  which  serves  to  make  working  tests  on  small 
batches  of  gold  ore,  consists  of  two  parts.  The  lower  one  is  a 
cast-iron  mortar  (8  in.  in  diameter)  with  a  square  discharge  (6  X 
6  in.);  the  upper  one,  fastened  to  the  mortar  with  a  hinge-pin 
and  hinge-bolt,  is  a  cast-iron  conical  cover  carrying  two  columns 
for  the  cam-shaft.  The  single  stamp,  weighing  45  lbs.,  is  oper- 
ated by  hand  and  drops  6^7  in.  with  a  force  of  750  lbs.;  the  ore 
is  fed  through  an  opening  in  the  cover. 

Water  and  Fuel  Economy  in  Stamp  Milling.     By  A.  W. 

Warwick.  Eng,  Min,  J,,  69,  529-530. — Engineers  frequently 
assume  that  a  ten-stamp  gold  mill  requires  about  800  gals,  water 
per  hour  when  the  water  is  allowed  to  run  o£F  with  the  tailings. 
As  to  fuel  and  water  consumption,  using  a  locomotive  boiler  and 
an  engine  with  a  throttle  governor,  a  fair  figure  is  8^  lbs.  coal 
and  7I  gals,  water  per  horse-power  hour.  The  following  data 
obtained  by  the  author  at  the  mill  of  the  Matterhorn  mine,  in 
the  southeast  corner  of  the  Mojave  desert,  show  that  an  effective 
system  of  water  saving  will  reduce  the  800  gals. ,  usually  required 
per  hour  by  a  ten  stamp  mill,  to  200  gals.,  or  75  per  cent. 

Water  per  stamp  per  hour. 
Water  supplied        Hours  Using  Actually  Per  cent 

Week.  in  gals.  mn.  once.  used.  recovered. 

I 13154  ^2  80  16.0  80.0 

2 16760  80  95  22.2  76.8 

3 15487  81  93  19. 1  79-4 

4 14850  80  92  18.5  79.8 

On  account  of  the  large  amount  of  water  required  for  making 
steam,  the  author  advocates  the  use  of  an  oil-engine.  At  the 
Matterhorn  mill  a  Fairbanks- Morse  engine  of  34  brake  horse- 
power, with  cooling  water  used  continuously,  required  in  twelve 
hours  only  55  gals,  water  to  make  up  the  loss  by  evaporation. 
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The  Montana  and  Denver  Reduction  Company's  Mill  at 
Bearmouth,  Mont.  By  F.  D.  Smith.  Eng,  Min.J,,  69,  348- 
350. — The  paper  is  an  illustrated  description  of  the  mill  which 
aims  to  do  custom  work  on  gold  ores.  It  contains  5  ore-receiv- 
ing bins  of  20  tons*  capacity,  a  Blake  crusher  9  X  15  in.,  an  ele- 
vator, a  pajr  of  rolls,  a  Vezin  mechanical  sampler,  4  storage  bins 
with  a  capacity  of  25  tons  sowing  4  five-stamp  batteries,  a  hy- 
draulic seizer,  4  double-deck  Wilfley  tables,  4  cyanide  tanks  of 
100  tons*  capacity  with  the  necessary  zinc  boxes,  storage  tanks, 
etc.  The  mill  has  a  capacity  of  60  tons  in  24  hours,  and  is  driven 
by  '  an  80  horse-power  engine,  steam  being  furnished  by  two  50 
horse-power  boilers. 

Hydraulic  Amalgam  Squeezer.  By  Frazer  and  Chav 
MERS.  Eng.  Min,  /.,  69,  499. — This  apparatus,  in  use  at  the 
Treadwell  mill,  Douglas  Island,  Alaska,  serves  to  free  the  gold 
amalgam  collected  from  the  mortar,  plate,  etc.,  more  effectively 
from  the  surplus  quicksilver  than  is  possible  when  done  by  hand. 

A  Clean-up  Trolley  for  Gold  Mills.  By  Frazer  and  Chai,- 
MERS.  Eng,  Min,  J,,  69,  436. — This  device  consists  of  a  trolley 
with  cages  and  bucket.  It  is  used  for  handling  amalgam,  shoes, 
dies,  etc.,  during  a  clean-up,  and  thus  facilitates  the  work  and 
permits  the  collecting  and  cleaning  of  the  amalgam  to  be  done  in 
one  room  under  proper  supervision. 

Oxygen  in  the  Cyanide  Process.  By  W.  Jones.  Eng,  Min, 
J.y  69,  404.— The  author  emphasizes  the  necessity  of  supplying 
cyanide  solutions  with  air,  if  they  are  to  extract  gold  from  slimes 
that  have  been  stored  for  some  time  and  thus  have  become  con- 
taminated with  organic  matter. 
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Physical  Reactions  and  the  Mass  Law.  By  Azariah  T. 
I<incoln.  /.  Phys,  Chem,,  4,  161-187. — A  large  part  of  the 
article  is  devoted  to  a  summary  of  the  previously  published  con- 
siderations of  Bancroft  (Phys,  Rev,,  3,  21),  who  assumed  that 
certain  cases  of  heterogeneous  physical  equilibrium  can  be  ex- 
pressed by  exponential  formulas  somewhat  analogous  to  those 
which  the  Mass  Action  Law  requires  in  the  case  of  homogeneous 
chemical  equilibrium.  Thus,  the  quantities  x  and  y  of  two 
non-miscible  liquids  which  are  present  in  a  homogeneous  mix- 
ture of  them  with  a  definite  constant  quantity  of  a  third  liquid 
miscible  with  both,  at  the  point  when  separation  into  two  layers 
just  begins  to  take  place,  are  assumed  to  be  related  to  each 
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other,  in  the  way  expressed  by  the  equation  :xf'y  =  C,  where  n 
and  C  are  arbitrary  constants  which  may  have  any  positive  value 
whatever.  In  order  to  confirm  the  idea  that  this  formula  is  not 
merely  an  empirical  one,  but  is  the  expression  of  a  **  newly  dis- 
covered Law  of  Nature."  the  author  shows  by  experiments  more 
accurate  than  those  previously  published  that  the  formula  does 
express,  in  most  cases  with  a  difference  of  less  than  one-third  of 
a  per  cent,  between  the  found  and  calculated  values  of  one  of  the 
components,  the  condition  of  equilibrium  between  benzene, 
water,  and  ethyl  alcohol  at  the  point  of  saturation.  The  re- 
viewer must,  therefore,  again  call  attention  to  the  fact  (see 
Tech,  Quart.,  8,  306)  that  any  two-phase  heterogeneous  equilib- 
rium is  determined  by  the  composition  of  both  phases,  and  that  if 
the  composition  of  both  of  them  is  variable,  as  is  the  case  in  the 
example  above  cited,  a  formula  like  that  proposed  which  takes 
into  account  the  compositioil  of  only  one  of  them  can  have 
only  an  empirical  significance. 

On  the  System  Water,  Phenol,  and  Hydrochloric  Acid.  By  W. 

H.  Krug  and  Frank  K.  Cameron.  /.  Phys,  Chem,,  4, 188-192. 
The  authorshave  determined  the  temperature  at  which  solid  phe- 
nol separates  from  the  liquefied  phenol  layer  formed  when  solid 
phenol  is  placed  in  contact  with  water  and  aqueous  solutions  of 
hydrochloric  acid  of  various  concentration.  The  freezing-point 
of  the  phenol  was  1.365'*  with  the  pure  water,  and  17. 195"*  with  the 
most  concentrated  hydrochloric  acid  used,  which  contained  13 1.3 
grams  per  liter.  The  results  have  no  quantitative  significance 
from  a  theoretical  standpoint,  for  the  authors  have  chosen  for 
their  investigation  a  phenomenon  which  is  the  resultant  of  two 
independent  effects — first  the  reduction  of  solubility  of  the  water 
in  the  phenol  by  the  hydrochloric  acid  dissolved  in  the  water, 
and  second,  the  lowering  in  melting-point  of  the  phenol  by  the 
water  dissolved  in  it. 

On  Two  Theorems  of  Qibbs.  By  Paul  Saurel.  /.  Phys. 
Chem,,  4,  193-199. — The  author  shows  that  Gibbs'  equation  ex- 
pressing the  relation  between  changes  of  pressure  and  tempera- 
ture in  a  univariant  system  is  equivalent  to  the  Clapeyron-Claus- 
ius  formula,  whatever  may  be  the  number  of  components  ;  and 
that  Gibbs*  equation  for  bivariant  systems  can,  when  certain 
conditions  are  satisfied,  likewise  be  brought  into  the  same  form. 

The  Relation  of  the  Taste  of  Acids  to  Their  Degree  of  Disso- 
ciation. II.  By  Theodore  William  Richards.  /.  Phys, 
Chem,^  4,  207-211. — The  author  shows  that  the  facts  previously 
noted  by  several  investigators  that  weak  acids  and  acid  salts 
have,  in  comparison  ^ith  hydrochloric  acid,  a  much  sourer  taste 
than  is  consistent  with  the  assumption  of  proportionality  between 
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sourness  and  concentration  of  the  hydrogen  ions,  is  readily  ex- 
plained in  accordance  with  the  dissociation  theory,  contrary  to 
the  belief  of  Kahlenberg  {this  Rev.^  6,  73),  if  it  be  assumed  that 
the  actof  tasting  removes  hydrogen  ions  and  that  these  are  re- 
placed by  the  production  of  new  ones,  at  the  expense  of  the  un- 
dissociated  acid  or  acid  salt.  This  same  explanation  has  been 
independently  suggested  by  the  reviewer  {this  Rev.,  6,  73). 

Isohydric  Solutions.  By  Wilder  D.  Bancroft.  /.  Phys. 
Chem.,  4,  274-289. — It  is  shown  that  the  Mass  Action  I<aw  re- 
quires that  there  be  a  displacement  of  the  equilibrium  of  any  re- 
action :  aA  +  bB  -|- . . . .  -|-mM  =  ajAj  -|-  bjBj  -[-••••+  m,Mi 
by  the  addition  to  the  mixture  of  any-volume  of  one  of  the  sub- 
stances, such  as  Aj,  even  if  the  concentration  of  the  latter  in  the 
volume  added  is  equal  to  that  of  it  in  the  original  mixture,  ex- 
cept in  the  case  where  a  +  b4-*'-«4-ni  =  bi+.«««  +  m^.  If 
the  right-hand  member  of  this  expression  is  greater  than  the 
left-hand  member,  the  right-hand  system  will  increase  in  concen- 
tration ;  if  less,  it  will  decrease.  The  author  applies  the  princi- 
ple theoretically  to  a  number  of  special  cases  of  gaseous  and 
electrolytic  dissociation.  Gaseous  ammonium  carbamate  may 
be  here  cited  as  an  example  :  in  this  case  a  +  b+...»+ni  =  i 
and  bj  -|-«  *  *  *  ~l~  1^1  =  I  i^  ammonia  is  added  to  the  equilibrium 
mixture,  and  b,  +  ••••+  ™i  =  2  if  carbon  dioxide  is  added|; 
consequently  there  will  be  no  change  in  the  equilibrium  in  the 
former  case,  and  an  increase  in  the  dissociation  (or  amount  of 
carbamate  volatilized)  in  the  latter.  This  princfple  is  especially 
applied  to  the  dissociation  of  diionic  salts,  which,  as  previously 
pointed  out  by  Storch,  are  not  subject  to  the  simple  laws  of  iso- 
hydric solutions  by  reason  of  the  fact  that  the  exponents  occur- 
ring in  the  expression  of  the  empirical  dilution  law  are  appar- 
ently, at  least,  not  identical  with  those  required  by  the  Mass- Ac- 
tion Law.  The  author  calculates  from  the  empirically  deter- 
%  mined  exponents  that  on  mixing  hundredth-normal  solutions  of 
potassium  and  sodium  chlorides  the  dissociation,  and  therefore 
the  conductivity,  of  each  salt  should  be  reduced  over  one  per 
cent.  An  experiment  made  by  A.  T.  Lincoln  showed  that,  in- 
stead of  the  theoretical  decrease,  an  increase  of  0.8  per  cent,  oc- 
curs. 
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ULTIMATE  ANALYSIS. 
H.  P.  Talbot,  Rbvibwbs.. 

The  Technical  Estimation  of  Zinc.    By  Albert  H.  Low. 
/.  Am.  Chem.  Soc,  22,  198-202. — The  ore  is  treated  with  nitric 
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acid,  first  with  the  addition  of  potassium  nitrate,  later  with 
that  of  a  cold  saturated  solution  of  potassium  chlorate  in 
nitric  acid,  and  the  whole  is  evaporated  to  dryness.  The  residue 
is  treated  with  an  ammoniacal  solution  of  ammonium  chloride, 
the  filtered  solution  made  acid  with  hydrochloric  acid,  and,  after 
the  removal  of  the  copper  and  cadmium  by  sulphuretted  hydro- 
gen, the  zinc  is  titrated  for  by  means  of  potassium  ferrocyanide 
solutions,  using  uranium  nitrate  as  an  indicator.  When  cad- 
mium is  absent,  the  copper  may  be  thrown  out  by  means  of  test 
lead. 

The  Repeated  Use  of  the  Double  Chloride  of  Copper  and 
Potassium  for  the  Solution  of  Steel  or  Iron  in  Estimating 
Carbon.  By  Geo.  Wm.  Sargent.  /.  Am,  Chem,  Soc,  22, 
210-213. — The  author  finds  that  if  chlorine  is  passed  into  the 
double  chloride  solution  after  it  has  been  used  to  dissolve  iron, 
it  regains  its  color  and  is  more  energetic  in  its  solvent  action 
than  when  freshly  prepared.  As  many  as  eleven  portions  of 
drillings  have  been  treated  successfully  with  the  same  solution, 
by  regenerating  it  each  time  after  use.  Oxidation  by  means  of 
an  air  current,  or  by  electrolytic  methods,  was  less  successful 
than  that  brought  about  by  passing  chlorine  gas  into  the  .solu- 
tion. 

Notes  on  Selenium  and  Tellurium.  By  Edward  Keller. 
/.  Am,  Chem,  Soc,  22,  241-245. — A  method  for  the  quantitative 
separation  of  s^plenium  and  tellurium  is  based  on  the  fact  that 
sulphur  dioxide  will  throw  down  selenium  alone  from  cold  solu- 
tions of  the  two  elements  containing  about  80  per  cent,  by  vol- 
ume of  concentrated  hydrochloric  acid,  or  one  hundred  times  as 
much  acid  as  tellurium. 
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The  Fertilizer  Resources  and  the  Fertilizer  Industry  of 
Alabama.  By  B.  B.  Ross.  Proc,  Ala,  Industrial  and  Sci,  Sac., 
9,  51-58. — The  article  is  mainly  a  historical  sketch  of  the  de- 
velopment of  the  fertilizer  industry  in  the  southern  states,  the 
present  status  of  the  manufacture  in  Alabama  being  well  set 
forth.  It  appears  that  the  raw  materials,  excepting  cotton-seed 
meal,  are  mainly  imported  from  the  neighboring  states,  although 
phosphate  rock  of  some  value  has  been  found  in  Limestone  Co. 
The  author's  analyses  of  this  rock  are  quoted  as  showing  from  9 
to  25.1  per  cent,  phosphoric  acid.  An  acid  phosphate  made 
from  this  rock  showed  14.90  per  cent,  total  phosphoric j  acid,  of 
which  13.15  per  cent,  was  water-soluble.     Valuable  deposits  of 
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green  sand  marl  are  found  in  the  state,  the  analyses  given  show- 
ing them  to  contain  2.24-2.74  per  cent,  phosphoric  acid  and 
3.78-3.86  per  cent,  potash.  Other  materials  found  in  the  state 
are  mucks,  which  are  highly  recommended  for  building  up  the 
soil.  An  analysis  of  bat  manure  from  the  Tennessee  Valley 
demonstrated  its  fertilizer  value  to  be  above  $30  per  ton,  based  on 
the  scale  of  fertilizer  values  in  the  state.  The  paper  closes  with 
a  discussion  of  the  abstraction  of  nitrogen  from  the  air  by  certain 
leguminous  plants,  such  as  the  cow-pea,  clover,  and  vetch,  when 
grown  upon  land  containing  certain  bacteria,  which  thus  become 
valuable  fertilizers  when  plowed  under ;  and  with  a  discussion  of 
the  advantages  gained  by  inoculations  of  the  soil  with  these  bac- 
teria from  cultures. 

Commercial  Fertilizers.  Vt,  Agr.Expt.  Sta.,  Bull.  79,  189- 
198  ;  80,  201-244. 

The  Effect  of  Salt  Water  on  Cement.  By  A.  S.  Cooper. 
/.  Franklin  Inst.y  148,  291-302. — Mortars  containing  various 
proportions  of  cement  and  sand  were  prepared  with  fresh  water 
and  with  salt  water.  Briquettes  made  from  each  mixture  were 
allowed  to  set  for  24  hours  in  moist  air,  and  then  some  from  each 
mixture  were  put  into  salt  water  and  fresh  water  to  harden. 
Compression  and  tension  tests  were  made  on  these  after  seven 
days  and  twenty-eight  days,  and  at  the  end  of  six  months  and 
one  year.  The  salt  water  briquettes  showed  better  results  in 
the  earlier  tests,  but  after  longer  periods  the  fresh  water  bri- 
quettes showed  greater  strength.  It  was  also  indicated  that  salt 
water  tends  to  weaken  concrete,  but  no  definite  opinion  could  be 
stated.  It  also  appeared  that  rough,  sharp  sand,  made  by 
crushing  hard  rock,  produced  briquettes  of  greater  strength, 
though  much  depends  on  the  thoroughness  of  the  ramming.  It 
is  also  shown  that  mortar  made  with  Portland  cement  suffers 
very  little  injury,  even  after  several  hours'  standing,  if  it  is  kept 
thoroughly  wet. 

Manufacture  of  Alcohol  .from  Acetylene.  U,  S,  Consular 
Rep,,  62,  287-293. — The  article  consists  of  four  reports  by  the 
Consuls  at  Paris,  Berne,  Berlin,  and  Frankfort,  setting  forth  the 
present  status  of  the  industry.  Letters  from  the  leading  authori- 
ties, Berthelot,  Maercker,  Rossel,  and  Liebetang,  regarding  the 
future  prospects  of  the  industry,  are  included.  Descriptions  of 
the  manufacture  are  also  given.  The  concensus  of  opinion  ap- 
pears to  be  that  the  fermentation-alcohol  industry  need  not  an- 
ticipate any  competition  from  this  direction.  The  cost  of  cal- 
cium carbide  and  the  small  yield  of  alcohol  make  the  acetylene 
product  about  ten  times  as  expensive  as  ordinary  alcohol. 
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A  New  Electrolytic  Process  of  Manufacturing  Chemicals. 

By  Jambs  Boyle.  U,  S.  Consular  Rep.,  6a,  189-191. — A  short, 
popular  review  of  the  Hargreaves-Bird  process,  stating  its  econo- 
mies and  advantages,  forms  the  substance  of  the  report. 

What  is  Parianite  ?  By  S.  F.  Peckham.  /.  Franklin  Inst., 
X49»  161-193. — The  author's  conclusion  is  that  at  present  we 
know  very  little  concerning  the  composition  of  parianite ;  but  he 
contends  that  the  course  of  investigation  already  entered  upon 
**  will  ultimately  lead  to  conclusions  that  will  be  final."  A  de- 
scription of  the  specimens  is  first  abstracted  from  a  previous 
paper  (Am,  J.  Sci.,  1896)  ;  then  the  method  of  analysis  is  dis- 
cussed. Considering  parianite  as  an  emulsion  of  gas,  mineral 
water,  bitumen,  organic  matter  not  bitumen,  and  mineral  matter 
such  as  silica  and  clay  ;  or  as  an  emulsion  of  gas,  water  holding 
mineral  salts,  bitumen,  and  organic  salts  of  iron,  alumina,  lime, 
and  magnesia  with  ulmic  and  other  peat  acids,  with  ferrous  sul- 
phide and  silica,  the  author  holds  that  it  cannot  be  determined 
of  what  the  mixture  consists  by  *  *  any  process  that  separates  a 
hypothetical  substance  called  petrolene  and  a  second  called 
asphaltene,  a  third  called  organic-matter-not-bitumen,  and  a 
fourth  called  mineral  matter.''  There  is  also  considerable  dis- 
cussion of  the  work  of  C.  Richardson  (see  /.  Soc,  Chem.  Ind., 
i8gy  and  i8g8)  and  numerous  analyses  by  Miss  L.  Linton  are 
given.  An  extended  discussion  of  the  paper  follows  in  which 
Messrs.  Endemann,  Sadtler,  Day,  Keller,  and  Allen  (Sheffield, 
England),  and  Prof.  Peckham  take  part.  Dr.  Endemann  con- 
cludes from  his  investigations  that  some  asphalt  contains  a  hy- 
drocarbon, Cj^Hsg ;  and  that  hard  asphalts  contain  an  oxygen 
compound  to  which  he  assigns  the  formula  C^Hj^O,,  or  with  new 
asphalts,  C^H,^0,.  He  thinks  the  ulmic  acid  of  Peckham  conies 
from  the  turpentine  used  in  the  extraction  rather  than  from  the 
asphalt.  He  considers  asphalt  as  an  oxidation-product  of  petro- 
leum ;  and  he  found,  by  heating  a  petroleum  oil  with  potassium 
bichromate,  sulphuric  acid,  and  water,  for  two  to  four  months  on 
a  water-bath,  that  the  oil  thickens  and  takes  on  the  odor  of 
asphalt. 

Recent  Progress  in  the  Aluminium  Industry.  By  Jos.  W. 
Richards.  /.  Franklin  Inst.,  149,  451-459. — Reduction  pro- 
cesses are  still  the  same  in  principle  as  the  Hall  process  of  ten 
years  ago.  The  cost  of  materials  and  working  has  been  ma- 
terially reduced.  The  cost  of  aluminum  is  now  about  two-thirds 
that  of  brass.  Aluminum  is  now  worked  into  light  and  strong 
alloys  ;  five  per  cent,  of  copper,  nickel,  or  manganese,  or  thirty 
per  cent,  of  zinc  make  strong  metals  with  aluminum.  The  use 
of  the  metal  for  culinary  utensils,  for  novelty  goods  and  bric-a- 
brac,  for  lithographic  plates,  and  electric  conductors  has  reached 
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large  proportions  ;  over  500  tons  were  used  last  year  for  trans- 
mission lines  and  feed  wires,  replacing  copper.  Powdered 
aluminum  is  used  for  silvery  printing  and  paint,  as  on  the  U.  S. 
mail  boxes  ;  also  for  the  reduction  of  refractory  metallic  oxides, 
such  as  those  of  manganese,  chrgmium,  tungsten,  molybdenum, 
vanadium,  uranium,  and  boron.  Many  of  these,  alloyed  with 
iron,  are  used  in  making  steel  at  Krupp's  works. 

Railway  Bearings :  An  investigation  of  Causes  of  Hot  Boxes 
in  Railway  Service,  and  Metliods  for  Tlieir  Prevention.    By 

Robert  Job.  /.  Franklin  Inst, ,  149, 439-450. — Bearings  which 
had  run  hot  on  cars  from  different  railroads  while  passing  over 
the  Philadelphia  and  Reading  R.  R. ,  were  examined  raetallo- 
graphically  and  chemically.  Test  sections  were  cut,  and  the 
tensile  strength  and  elongation  determined.  Along  with  these 
tests  a  number  of  alloys  were  made,  to  check  the  accuracy  of  the 
deductions  and  to  determine  the  best  conditions  of  foundry  prac- 
tice. In  composition  wide  variations  were  found.  Some  con- 
sisted of  copper- tin  in  the  ratio  of  7  :  11.  Others  were  of  copper- 
zinc,  with  as  high  as  35  per  cent,  of  zinc ;  these  seldom  caused 
heating,  but  were  subject  to  rapid  wear.  Phosphor  bronzes 
were  found  in  moderate  numbers  ;  but  the  copper- tin -lead  al-  \ 
loys,  averaging  10-15  per  cent,  of  tin  with  from  15-5  per  cent,  of 
lead,  were  most  common.  In  most  cases  it  appeared  that  the 
composition  caused  but  little  of  the  difficulty,  the  chief  causes  of 
the  heating  effects  being :  segregation  of  the  metals ;  coarse 
crystalline  structure  ;  dross  or  oxidation -products ;  and  exces- 
sive amount  of  gas  enclosed  in  the  metal.  Deficient  lubrication 
appeared  to  have  caused  but  little  of  the  trouble.  Segregation, 
caused^  by  attempts  to  alloy  the  metals  in  improper  proportions, 
especially  in  the  copper- tin- lead  compositions,  where  the  liqua- 
tion of  the  excess  of  lead  or  the  separation  of  copper  resulted, 
caused  surfaces  of  high  heating  capacity.  Photomicrographs 
are  shown  of  a  number  of  compositions.  The  composition  of 
one  which  had  heated  in  service  was :  copper,  74.67  ;  tin,  15.27  ; 
lead,  10.27  per  cent.  Segregation  is  best  prevented  by  slow 
pouring  and  rapid  cooling  in  the  mold.  Crystalline  structure 
was  found  to  be  due  to  antimony  in  some  cases,  but  often  was 
caused  by  rapid  pouring  at  too  high  temperature,  or  by  the  use 
of  an  excess  of  deoxidizing  agents.  It  increased  local  friction, 
decreased  the  tensile  strength,  and  caused  excessive  wear.  Par- 
ticles of  dross  held  mechanically  caused  friction  and  heating. 
Occluded  gas  tended  to  reduce  the  bearing  surface  of  the  metal, 
thus  increasing  the  pressure  and  causing  rapid  wear.  Deoxid- 
izing agents,  especially  phosphorus,  remove  the  occluded  gases. 
Zinc  in  proportion  of  i  or  2  per  cent,  has  been  shown  by  Dr.  Dud- 
ley to  act  as  a  deoxidizer,  but  more  than  this  weakens  the  metal. 
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Sodium  acts  similarly.  The  author  approves  of  the  addition  of 
silicon  in  small  proportion  with  the  zinc,  to  obtain  a  fine-grained 
ductile  metal.  Arsenic  has  been  used  as  deoxidizer,  but  it  has 
no  advantage.  Tensile  strength  and  elongation  limits  in  bear- 
ing metals  are  essential,  as  experiments  demonstrated  that  in- 
crease of  strength  and  ductility  means  increased  life  to  the  bear- 
ings in  service.  The  etchings  for  microscopic  examination  were 
made  on  the  polished  metal,  commonly  by  the  use  of  decinormal 
solution  of  iodine  in  potassium  iodide  ;  but  in  a  few  cases,  dilute 
chromic  or  nitric  acid  was  used. 

New  Method  of  Bleaching  in  Germany.  U,  S,  Consular 
Rep,^  63,  253. — A  short  account  of  Koechlin's  process  of  bleach- 
ing vegetable  fibers  by  the  use  of  bisulphite  of  sodium,  or  lime, 
or  the  *  *  hydrosulphite* '  of  calcium.  The  goods  are  then  steamed 
under  one  to  two  atmospheres'  pressure.  In  another  pro- 
cess the  goods  are  exposed  for  six  hours  to  the  action  of  alkali, 
soap,  calcined  magnesia,  and  hydrogen  peroxide.  These 
bleaches  are  claimed  to  do  no  injury  to  the  fibers. 

Sod  Oil,  Wool  Grease,  and  Degras.  By  Erastus  Hopkins. 
/.  Am.  Chem,  Soc,  22,351-353. — By  a  confusion  of  names  in 
paragraph  No.  279  of  the  tarifi  act  of  1897,  ^  question  as  to  the 
identity  of  wool  grease  and  sod  oil  arose,  and  an  investigation  of 
the  nature  of  these  substances  was  undertaken.  It  was  shown 
that  sod  oil  and  wool  grease  have  different  constitutions  and 
characteristics.  Wool  grease  is  extracted  from  sheep's  wool ; 
sod  oil  is  an  oxidized  oil  expressed  from  leather  which  has  been 
curried  with  fish  oils.  Sod  oil  contains  a  substance  designated 
as  **  degras  former,'*  which  is  stated  to  be  characteristic  of  this 
oil ;  it  is  not  present  in  wool  grease,  nor  in  other  oils.  Degras 
is  a  trade  name  including  both  substances. 

A.  H.  Gill,  Reviewer. 

Texas  Petroleum.  By  F.  C.  Thielk.  Am,  Chem,  /.,  22, 
489-493. — The  Corsicana  oil  resembles  the  Lima  oil,  but  does 
not  have  the  disagreeable  odor  of  the  latter ;  it  has  a  specific 
gravity  of  0.829,  and  seems  to  be  closely  related  to  the  Pennsyl- 
vania oil  of  the  Washington  district ;  it  contains  a  certain  pro- 
portion of  substances  closely  resembling  asphaltum,  as  is  shown 
by  its  giving  a  precipitate  with  SnCl^.  The  oil  from  the  Nacog- 
doches district  is  black  and  very  heavy,  and  strongly  impregna- 
ted with  sulphuretted  hydrogen,  resembling  a  maltha.  Its 
specific  gravity  is  0.915.  Saratoga  oil  has  a  gravity  of  0.955, 
and  that  of  Sour  Lake  a  gravity  of  0.963,  the  heaviest  oil  in  this 
hemisphere.  It  leaves  a  residue  of  71  per  cent,  above  641®  F., 
and  contains  no  paraffin,  but  20  per  cent,  asphaltum.     It  is  com- 
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posed  of  hydrocarbons  excellently  well  adapted  for  lubricating 
purposes.  A  pitchy  mass  was  obtained  from  the  oil,  which  re- 
sembled that  obtained  from  the  distillation  of  st€;arin,  a  fact 
which  may  substantiate  the  theory  of  Hofer  and  Engler  regard- 
ing the  origin  of  petroleum. 


BIOLOGICAL  CHEniSTRY. 

A.  G.  WOODMAXI,  RBVIBWBR. 

On  the  Eiimination  of  Nitrogen,  Sulpliates,  and  Phosphates 
after  the  Ingestion  of  Proteid  Food.  By  H.  C.  Sherman  and 
P.  B.  Hawk.  Am.  J.  Physiol. ,  4,  25-49. — Experiments  con- 
ducted upon  healthy  human  subjects  under  normal  conditions  of 
nutrition  show  that  the  rates  of  excretion  of  nitrogen  and  sul- 
phates are  quite  similar,  the  minimum  being  reached  during  the 
night ;  the  rate  of  excretion  of  phosphates,  however,  is  essen- 
tially different  from  either  and  reaches  a  minimum  after  break- 
fast. When  lean  beef,  sufficient  to  furnish  about  63.7  grams  of 
extra  protein,  was  taken,  the  nitrogen  excretion  began  to  rise 
in  the  first  three  hours  and  reached  a  maximum  between  the 
sixth  and  ninth  hours,  again  reaching  the  normal  after  about 
thirty-six  to  thirty-nine  hours.  The  increased  excretion  of  sul- 
phates followed  the  same  general  course.  The  increased  rate  of 
excretion  of  the  phosphates  reached  a  maximum  at  the  same 
time  as  that  of  the  nitrogen,  but  regained  the  normal  after  about 
twelve  to  fifteen  hours.  The  increased  heat  of  combustion  of 
the  urine  was  but  little  greater  than  would  correspond  to  an 
amount  of  urea  equivalent  to  the  extra  nitrogen  eliminated. 

The  Gluten  Constituents  of  Wheat  and  Flour  and  Their  Re- 
lation to  Bread-making  Qualities.  By  H.  A.  Guess.  /.  Am. 
Chem.  Soc,  22,  263-268. — The  author  has  tabulated  the  results 
of  analysis  .of  a  number  of  samples  of  Canadian  wheat,  giving 
the  locality,  the  buyer's  grading  mark,  the  percentages  of  gliadin 
and  glutenin,  the  ratio  of  the  two,  and  a  **  composite  factor'* 
representing  the  product  of  this  ratio  by  the  total  percentage  of 
gluten.  This  composite  factor  is  considered  to  be  more  truly  a 
measure  of  gluten  value,  since  it  represents  the  total  number  of 
units  of  gluten  present  multiplied  by  the  value  per  unit. 

The  Digestibility  of  American  Feeding-stuffs.  By  Whit- 
man H.  Jordan  and  Frank  H.  Hali..  C/.  S.  Dept.  Agr.y 
Expt.  Sta.  Btdl.,  77,  I- 100. — This  bulletin  contains  a  compila- 
tion of  the  experiments  made  at  experiment  stations  in  the  Uni- 
ted States  on  the  digestibility  of  feeding-stuffs  by  farm  animals. 
A  r6sum6  of  the  data  practically  complete  to  1899  is  given,  co- 
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efficients  of  digestibility  for  all  important  American  feeding- 
stufiFs  being  thus  available. 

Analyses  of  Strawberries.  By  G.  W.  Shaw.  Ore,  Agr. 
Expt.  Sta.  Bull.,  6a,  6-9. 

A  Normal  Chlorine  flap  of  Long  Island.  By  George  C. 
Whipple  and  Daniel  D.  Jackson.  Tech.  Quarl.,  13,  145- 
148. — The  map  constructed  from  the  results  of  analyses  of  eighty 
samples  of  water,  apparently  normal,  shows  that,  except  at  the 
eastern  end  of  the  island,  the  normal  chlorine  is  below  six  parts 
per  million.  At  the  eastern  end  the  chlorine  is  very  high  and 
varies  greatly  in  different  localities,  resembling  the  chlorine  of 
Cap  Cod,  in  Massachusetts,  in  this  respect. 


ANALYTICAL  CHEmSTRY. 

PROXIMATE  ANALYSIS. 
A.  G.  Woodman,  Rbvirwbr. 

Soil  Humus :  Some  Sources  of  Error  in  Analytical  fletliods. 

By  A.  ly.  Emery.  /.  Am.  Chem.  Sac.,  aa,  285-291. — The 
author  points  out  three  sources  of  error  in  ordinary  methods  of 
soil  analysis :  ( i )  In  washing  samples  free  from  calcium  salts 
with  dilute  hydrochloric  acid,  some  of  the  organic  matter  is  lia- 
ble to  be  dissolved.  (2)  When  the  soil  is  leached  with  caustic 
potash,  part  of  the  nitrogen  is  expelled  as  ammonia,  the  amount 
depending  upon  the  nature  of  the  soil  and  the  time  of  leaching. 
(3)  When  the  soil  is  leached  with  ammonia  water,  ammonia  is 
taken  from  the  solution  and  held  in  combination  with  the  organic 
matter.  Since  nitrogen  in  the  humus  is  determined  by  dividing 
the  nitrogen  in  the  potash  extract,  which  is  too  low,  by  the 
humus,  which  is  too  high,  the  error  is  multiplied,  and  the  result 
is  almost  invariably  too  low. 

An  Examination  of  Brown  and  Taylor's  Official  flethod  of 
Identifying  Butter.  By  John  A.  Hummel.  /.  Am.  Chem. 
Soc,  22,  327-329. — The  increasing  production  of  **  renovated" 
butter  makes  it  important  to  have  some  ready  method  for  its 
identification.  In  chemical  properties  and  composition  the  dif- 
ferences between  renovated  and  normal  butter  are  too  slight  to 
be  of  use,  but  the  difference  in  behavior  towards  polarized  light 
is  sufficient  in  many  cases  to  indicate  the  character  of  the  sam- 
ple. This  difference  is  shown  by  photomicrographs  of  represen- 
tative preparations. 

On  the  Relation  of  the  Reducing  Power  of  Normal  Urine  to 
the  Amount  of  Certain  Nitrogen  Compounds  Present.     By  J. 
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H.  Long.  /.  Am.  Chem.  Soc.^  22,  309-327. — The  author  has 
determined  directly  the  reducing  power  of  uric  acid  and  crea- 
tinin  in  terms  of  cupric  oxide,  using  a  modified  form  of  Pavy's 
solution.  The  total  reducing  power  of  the  urine  and  also  the 
amounts  of  nitrogenous  substances  present  was  likewise  deter- 
mined. It  was  found  that  on  the  average  46.6  per  cent,  of  the 
total  reducing  power  was  due  to  sugar,  corresponding  to  1.514 
grams  per  liter,  or  about  0.15  per  cent. 

On  Acetic  Acid  as  a  Substitute  for  Ethyl  Alcohol  in  Extract- 
ing the  Active  Principles  of  Some  Officinal  Drugs.  By  Edward 
R.  Squibb.  Am.  /.  Pharm.,  73,  311-319. — In  this  paper,  the 
fourth  on  the  subject,  the  author  gives  the  results  obtained  on 
buckthorn  and  cascara  sagrada. 

ULTIMATE  ANAI^YSIS. 
H.  P.  Talbot,  Rbvibwbr. 

On  the  Determination  of  Carbon  and  Hydrogen  by  Combus- 
tion in  Oxygen,  Using  Copper  Oxide.  By  Chari.es  F.  Mabery 
AND  Wii,i,iAM  R.  C1.YMER.  /.  Am.  Chem.  Soc^  22,  213-218. — 
To  purify  the  oxygen  and  air  used  during  combustions,  two 
pieces  of  combustion  tubing  1.75  meters  long  and  bent  at  the 
ends  are  filled  with  broken  glass  moistened  with  concentrated 
sulphuric  acid  in  one  case  and  40  per  cent  caustic  potash  solution 
in  the  other.  These  may  be  fastened  to  the  wall.  Sulphuric  acid 
is  found  to  be  the  best  absorbent  for  water,  and  if  not  more  than 
2-3  cc.  are  used  to  collect  the  water,  no  carbon  dioxide  is  re- 
tained under  the  conditions  of  an  ordinary  combustion.  The 
gas  flow  may  reach  1000  cc.  per  hour  without  loss.  A  rate  of 
500  cc.  per  minute  through  the  potash  bulbs  does  not  cause  loss 
of  moisture,  when  the  calcium  chloride  is  freshly  fused  and  finely 
granular.  In  the  combustion  of  hydrocarbons  the  tube  should 
be  first  filled  with  oxygen  before  volatilization  commences.  As 
high  a  heat  as  can  be  used  without  danger  to  the  life  of  the 
combustion  tube,  is  desirable. 

Note:  Test  for  Tin.  By  Ai.i<en  Rogers.  /.  Am.  Chem. 
Soc.y  22y  220. — The  addition  of  a  stannous  chloride  solution  to 
one  of  ammonium  molybdate,  as  usually  prepared,  gives  a  blue 
tint  to  the  mixture,  even  in  the  presence  of  only  0.0000042  gram 
of  stannous  chloride  per  cubic  centimeter. 

The  Estimation  of  Alumina  and  Ferric  Oxide  in  Natural 
Phosphates.  By  F.  P.  Veitch.  /.  Am.  Chem.  Soc,  22,  246- 
258. — Ammonium  phosphate  is  added  to  the  solution  of  the 
aluminum,  then  ammonia  to  alkaline  reaction,  the  resulting 
precipitate  is  redissolved  in  hydrochloric  acid,  and  the  number  of 
cc.  required  to  accomplish  this,  after  the  solution  has  become 
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acid,  is  noted.  The  solution  is  diluted  to  250  cc,  and  for  each 
cc.  of  acid  added  5  cc.  of  a  50  per  cent,  ammonium  thiosulphate 
solution  is  now  dropped  in  slowly.  On  boiling  for  half  an  hour 
the  aluminum  is  precipitated,  and  the  precipitate  is  washed, 
dried,  ignited,  and  weighed  as  AlPO^.  Two  precipitations  are 
necessary  in  the  presence  of  large  quantities  of  iron  or  lime. 
Magnesium,  sodium,  and  potassium  salts  are  without  effect; 
silica  and  fluorine  must  be  previously  removed ;  the  sulphates 
present  must  not  exceed  the  equivalent  of  1.25  grams  of  sulphuric 
acid. 

The  Distillation  of  Ammonia  in  the  Determination  of  Nitro- 
gen. By  Francis  Gang  Benedict.  /.  Am.  Chem.  Soc.,  22, 
259-263. — To  hasten  the  complete  transference  of  the  liberated 
ammonia  to  the  receiving  flask,  a  device  is  used  by  which  the 
condenser  water  is  run  off  after  a  definite  time,  allowing  the 
whole  delivery-pipe  to  be  heated  for  a  few  moments  by  the 
steam.  In  this  way  the  time  of  distillation  is  shortened,  without 
danger  of  loss  of  acid  from  the  solution  in  the  receiving  flask. 

Lime  and  Sulphuric  Acid  by  the  Photometric  ilethod.     By 

J.  I.  D.  Hinds.  /.  Am.  Chem.  Soc,  2,2  269-274. — This  paper 
is  supplementary  to  an  earlier  one  on  the  same  subject  (/.  Am. 
Chem.  Soc.y  18,  661).  A  table  is  appended  to  facilitate  the  cal- 
culation of  percentages. 

A  Rapid  ilethod  for  the  Determination  of  Carbon  in  Iron 
or  Steel  by  Combustion.  By  Geo.  Wm.  Sargent.  /.  Am. 
Chem.  Soc,  22,  277-285. — An  apparatus  is  described  in  detail 
with  which  a  combustion  may  be  completed  in  twenty  minutes. 
The  author  points  out  that  a  stream  of  electric  sparks  may  re- 
place the  copper  oxide,  although,  on  account  of  the  wear  upon 
the  terminals  of  the  induction  coil  as  a  result  of  constant  use, 
the  employment  of  the  oxide  is  still  advised. 

On  the  Preparation  of  Potassium  Xanthate  for  Nickel  Deter- 
minations. By  E.  D.  CAMPBEI.L.  /.  Am.  Chem.  Sac,  22, 307- 
308. — Commercial  xanthate  does  not  give  satisfactory  results 
when  used  in  the  author's  method  for  the  determination  of 
nickel  (/.  Am.  Chem.  Sac.,  17,  125).  A  procedure  is  described 
for  the  preparation  of  a  pure,  stable  salt  from  absolute  alcohol, 
carbon  disulphide,  and  potassium  hydroxide. 

Remarks  on  Some  flethods  of  Determining  Carbon  in  5teel. 

By  George  Auchy.  /.  Am.  Chem.  Soc,  22,  334-343. — The 
methods  commented  upon  are  :  The  loss  on  ignition  of  carbon 
sponge  ;  the  combustion  methods,  wet  and  dry  ;  and  the  color 
method.  Suggestions  are  made  as  to  possible  sources  of  error 
in  each  procedure. 
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A  Method  for  the  Determination  of  Zinc  by  the  Use  of  Stand- 
ard Thiosulphate  Solution.  By  Richard  K.  Mead^.  /.  Am, 
Chem,  Soc.y  22,353-356. — The  procedure  is  analogous  to  that 
proposed  by  the  author  for  the  determination  of  magnesium  (see 
this  Rev,^  5,  100).  The  zinc  is  precipitated  as  zinc  ammonium 
arsenate  in  a  slightly  acid  solution,  and  the  precipitate  is  dissolved 
in  hydrochloric  acid.  Potassium  iodide  is  added  to  the  solution 
and  the  liberated  iodine  measured  by  means  of  a  thiosulphate 
solution.  Calcium  and  magnesium  are  first  removed  by  precipi- 
tation with  arsenate  in  an  alkaline  solution.  Manganese  must 
be  removed  as  dioxide  by  potassium  chlorate. 
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J.  p.  NOR&IS,  RBVIBWBS.. 

On  Certain  Colored  Substances  Derived  from  Nitro  Com- 
pounds. By  C.  Loring  Jackson  and  F.  H.  Gazzolo.  Am. 
Chem./.f  23,  376-396  ;  Proc,  Am,  Acad.,  35,  263-281. — In  con- 
tinuing the  study  of  the  colored  substances  formed  by  the  action 
of  sodium  alcoholates  on  certain  nitro  compounds,  the  authors 
have  succeeded  in  obtaining  colored  products  by  treating  trini- 
tranisol  or  trinitrobenzene  with  the  sodium  compounds  of  malonic 
ester,  acetoacetic  ester,  phenol,  and  benzyl  cyanide.  The  com- 
pounds containing  malonic  ester  and  acetoacetic  ester  are  stable 
and  were  found  on  analysis  to  consist  of  three  molecules  of  the 
sodium  salt  of  the  ester  combined  with  one  of  the  trinitro  com- 
pound. Similar  experiments  with  sodium  methylate,  ethylate, 
or  amylate  and  trinitrobenzene  led  to  analogous  results.  The 
formation  of  compounds  of  this  composition  is  noteworthy,  since 
all  the  substances  prepared  heretofore  have  contained  the  con- 
stituents in  equal  molecular  proportions.  The  compounds  were 
obtained  as  highly  colored  precipitates  by  treating  a  solution  of 
the  nitro  compound  in  benzene  with  the  sodium  salt  of  the  ester 
made  by  the  action  of  sodium  on  the  ester  in  the  absence  of 
alcohol.  The  compounds  are  decomposed  by  dilute  acids,  giv- 
ing the  aromatic  constituent  unaltered,  and  by  alcohols.  When 
the  methyl  compound  is  allowed  to  stand  with  benzyl  alcohol, 
the  methyl  groups  are  replaced  by  benzyl.  The  compound  so 
formed  is  converted  into  the  corresponding  methyl  derivative 
when  it  is  boiled  with  methyl  alcohol.  Experiments  with 
picramide,  dinitroxylol,  and  trinitroxylol  showed  that  an  increase 
in  the  negative  nature  of  the  aromatic  constituent,  increases  the 
tendency  to  form  colored  compounds.  The  presence  of  methyl 
groups,  however,  diminishes  the  tendency  to  form  these  com- 
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pounds.  There  was  no  color  reaction  with  triaitromesitylene 
and  sodium  methylate.  No  colored  compounds  were  obtained 
by  the  action  of  sodium  alcoholates  on  aromatic  bodies  rich  in 
negative  groups,  but  containing  no  nitro  groups.  The  authors 
conclude  that  the  compounds  are  without  doubt  addition-prod- 
ucts and  not  substitution- products,  as  suggested  by  Victor 
Meyer,  and  that  the  addition  probably  takes  place  at  both  the 
carbon  and  nitrogen  atoms  in  the  aromatic  constituent. 

The  Constitution  of  Gallein  and  Coerulein.     By  W.  R.  Orn- 

DORPF  AND  C.  E.  Brewer.  Am,  Chem.J,,  23,  425-431. — A 
revision  of  the  work  on  the  reduction-products  of  gallein  leads  to 
the  conclusion  that  hydrogallein  and  gallol  are  identical  with 
gallin.  Gallein  is  the  phthalein  of  pyrogallol,  and  gallin  is  the 
corresponding  phthalin.  The  following  formulae  are  assigned 
to  the  compounds  from  a  study  of  their  esters  : 


HO 


OH 


HC 


/ 


COOH 


GaUin 
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A  methyl  and  an  ethyl  ester  were  made  by  boiling  gallein  with 
the  corresponding  alcohol  and  a  little  sulphuric  acid.  Gallein 
triphenylcarbonate  was  prepared  by  heating  gallein  with  phenyl 
isocyanate.  Colored  tetramethyl  and  tetraethyl  ethers  were  also 
prepared.  Gallein  reacts  as  if  it  had  the  tautomeric,  lactoid  for- 
mula also,  for  it  gives  a  colorless  tetracetate,  tetrabenzoate,  and 
tetraphenylsulphonate.  It  also  gives  colorless  tetramethyl  and 
tetraethyl  ethers.  Its  trimethyl  ether  resembles  closely  phenol- 
phthalein  in  its  properties.  The  constitution  of  gallin  was 
shown  by  the  fact  that  it  gives  a  colorless  tetracetate  and  penta- 
methyl  ether.  The  tetracetate  was  proved  to  be  an  acid  by  the 
preparation  of  a  silver  salt.  The  pentamethyl  ether  has  no  acid 
properties  and  is  easily  saponified.  Formulae  for  coerulein  and 
coerulin  are  proposed,  which  bring  out  the  relation  of  these  com- 
pounds to  anthragallol.  A  description  of  the  above-mentioned 
compounds  will  be  furnished  later  by  the  authors. 

Researches  on  the  Sodium  Salts  of  the  Amides.  By  Henrt 
L.  Wheki^ER.  Am,  Chem,  /.,  23,  453-471. — A  comparative 
study  of  the  rate  of  formation  of  the  sodium  salts  of  the  acid 
amides  was  made,  in  order  to  obtain  additional  evidence  for  the 
structure  of  these  compounds,  and  to  determine  whether  stereo- 
chemical interference  was  noticeable  in  the  reaction.  In  work- 
ing out  the  experimental  details  it  was  found  necessary  to  devise 
a  new  method  for  the  preparation  of  the  sodium  salts.  When  a 
boiling  solution  of  the  amide  in  benzene  was  treated  with  sodium 
amalgam,  the  reaction  took  place  readily,  and  a  number  of  com- 
pounds yielded  sodium  derivatives,  which  could  not  be  obtained 
by  the  previously  existing  methods.  To  determine  whether  the 
velocity  of  salt  formation  is  dependent  on  the  relative  acidity  of 
the  molecule,  the  anilides  of  formic,  acetic,  oxalic,  and  benzoic 
acids  were  studied.  The  results  showed  that  there  was  no  rela- 
tion between  the  two  quantities  ;  the  rate  of  the  formation  of  the 
salt  of  oxanilide  was,  for  example,  only  a  little  more  than  half 
that  of  formanilide.  That  basicity  does  not  exert  the  most 
important  influence,  the  acyl  group  being  the  same,  was  shown 
by  experiments  with  benzamide,  benzanilide,  and  benzoylbenzyl- 
amine.  Ammonia  and  benzylamine  have  practically  the  same 
affinity  constants,  yet  the  velocity  of  salt  formation  with  benzam- 
ide was  nearly  100  times  as  great  as  that  with  benzoylbenzylam- 
ine.  Experiments  with  a  number  of  compounds  to  determine 
which  of  the  two  general  forms,  RNHCOH  or  HNHCOR,  is 
more  favorable  for  salt  formation  showed  ' '  that  a  disubstituted 
formamide  gives  a  salt  less  readily  than  one  that  is  monosubsti- 
tuted,  which  would  be  expected  from  the  theory  of  stereochem- 
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ical  interference ;  and  that  when  the  larger  or  interfering  radical 
is  attached  to  nitrogen  it  has  less  effect  in  retarding  the  forma- 
tion of  sodium  salts  than  when  attached  to  the  keto  group. 
They,  therefore, indicate  that  the  sodium  is  attached  to  oxygen. ' ' 
The  above  statement  does  not  always  hold  true,  for  it  was  found 
that  the  isomeric  cycloamides,  oxindol,  and  phthalimidine,  were 
completely  changed  into  their  sodium  salts,  while,  under  the 
same  conditions,  benzoylbenzylamine  was  practically  unchanged. 
Since  stereochemical  interference  was  found  to  have  an  influence 
on  the  reaction  investigated,  the  amide  of  2-4-6-trimethylbenzoic 
acid  was  studied.  A  sodium  salt  was  readily  prepared.  As 
this  acid  is  inactive  in  reactions  which  are  supposed  to  involve 
an  addition  to  the  keto  group,  but  'does  enter  into  reactions 
involving  direct  substitution,  the  fact  that  a  sodium  salt  was 
formed  from  the  amide  points  to  the  conclusion  that,  in  the  salt, 
the  metal  is  joined  to  nitrogen.  If  this  view  is  incorrect,  then 
2-4-6-trimethylbenzamide  must,  contrary  to  the  theory  of  stereo- 
chemical interference,  form  an  addition-product  of  the  amide  and 
sodium  hydroxide,  in  the  preparation  of  the  sodium  salt,  in 
which  the  elements  of  the  alkali  are  joined  to  the  keto  group. 
The  elimination  of  water  from  such  a  compound  would  yield  a 
sodium  salt  of  the  amide  in  which  the  metal  is  joined  to  oxygen. 
An  experiment  showed  this  to  be  the  case.  2-4-6-Trimethyl- 
ahd  2-4-6-tribrombenzamide  formed  compounds  with  sodium 
hydroxide  containing  equal  molecular  quantities  of  the  constitu- 
ents. The  addition-product  containing  bromine  was  prepared 
by  pouring  an  excess  of  a  solution  of  the  amide  in  benzene 
on  powdered  sodium  hydroxide.  The  fact  that  these  addition- 
products  have  the  elements  of  the  alkali  joined  to  the  keto 
group  and  are  not  so-called  molecular  compounds,  was  shown  by 
the  action  of  benzoyl  chloride  on  the  sodium  hydroxide  addition- 
product  of  thioacetanilide,  whereby  acetanilide  and  thiobenzoic 
acid  was  formed. 

Note  on  the  Constitution  of  Diparabromlienzylcyanamide. 

By  C.  Loring  Jackson  and  R.  W.  Fuli^er.  Am.  Chem.  /., 
23,  494-500;  Proc.  Am,  Acad,,  35,  231-236. — In  order  to  obtain 
evidence  of  the  structure  of  dialkylcyanamides,  di-/-bromben- 
zylcyanamide  was  prepared  and  studied,  as  this  substance  crys- 
tallizes well  (m.  p.  133*")  and  yields,  on  decomposition,  a  com- 
pound which  can  be  obtained  in  a  pure  condition.  When  the 
cyanamide  was  treated  with  dilute  sulphuric  acid,  dibrombenzyl- 
amine,  ammonia,  and  carbon  dioxide  were  formed.  This  reac- 
tion  proves  that  the  compound  has  the  structure  represented  by 
the  formula  R, :  N.CN  and  not  the  possible  imide  structure, 
R.N:C:N.R. 
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On  the  Action  of  Nitrous  Acid  on  Ethyl  Anilinomalonate. 

By  Richard  Sydney  Curtiss.  Am,  Chem.J.,  23,  509-511. — 
When  ethyl  anilinomalonate  was  suspended  in  water  and  treated 
with  sodium  nitrite  and  sulphuric  acid,  a  thick  amber-colored 
oil  was  obtained,  which  was  extremely  unstable.  This  oil  did 
not  give  Liebermann*snitroso  reaction,  but  showed  marked  acid 
properties.  It  yielded  well  crystallized,  but  unstable  salts  when 
treated  with  sodium  or  potassium  hydroxide.  By  the  action  of 
acetic  anhydride  two  crystalline  substances  were  obtained.  From 
the  properties  of  the  oil  the  author  concludes  that  the  compound 
has  the  following  structure  : 

C.H,.N-C.(COAH,). 

N.OH 

On  Nltromalonic  Aldehyde.  By  Henry  B.  Hii^l,  Chari^es 
A.  SocH,  AND  George  Oensi^ager.  Am.  Chem,J,,  24,  1-15. 
— In  a  former  paper  i^Am,  Chtm.J,,  22,  89)  it  was  shown  that 
nltromalonic  aldehyde  readily  reacts  with  acetone,  and  that  the 
product  formed  is^-nitrophenol.  This  condensation  of  nltroma- 
lonic aldehyde  with  a  number  of  ketones  has  been  studied,  and 
the  conclusion  is  drawn  that  the  reaction  is  a  general  one.  Con- 
densation took  place  most  readily  in  dilute  aqueous  solution  in 
the  presence  of  a  small  amount  of  alkali.  The  reaction-mixture 
was  allowed  to  stand  twenty- four  to  forty-eight  hours  at  ordinary 
temperatures,  when  the  yield  was  almost  quantitative.  Methyl- 
ethyl  ketone  gave  on  condensation  nitrocresol  (CH3i,OH2, 
N0,5).  From  dibenzyl  ketone,  2,6-diphenyl-4-nitrophenol  (m. 
p.  i35"-i36°)  was  prepared.  This  compound  formed  a  potassium 
salt  from  which  the  corresponding  anisol  (m.  p.  i52*'-i53**)  was 
prepared.  The  nitrophenol  was  reduced  to  an  amido  compound 
(m.  p.  i49'*-i50*'),  which  was  readily  oxidized  to  diphenylbenzo- 
quinone  (m.  p.  i35**-i63**)  which  in  turn  was  reduced  to  a  hydro- 
quinone  (m.  p.  179**-! 80°).  Nltromalonic  aldehyde  and  aceto- 
acetic  ester  gave  nitrosalicylic  acid  (OHi,COOH2,NO,4). 
With  levulinic  acid,5-nitro-2-oxyphenylacetic  acid,  which  melts 
at  i6o°-i62*  when  rapidly  heated,  was  obtained.  If  the  acid  is 
melted  by  prolonged  heating  at  i48°-i49**  it  is  converted  into  its 
lactone  (m.  p.  i87°-i88°).  The  ethyl  ester  of  the  acid  melts  at 
i54"-i55°.  2,6-Di-carboxy-4-nitrophenol,  formed  from  nltro- 
malonic aldehyde  crystallizes  with  one  molecule  of  water  of 
crystallization,  melts  when  anhydrous  at  2i3**-2i4'',  and  is  con- 
verted by  fuming  nitric  acid  into  picric  acid. 
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The  Preparation  of  Zinc  Ethyl.  By  Arthur  Lachman. 
Am.  Chem,  /.,  24,  31-39. — Detailed  directions  for  the  prepara- 
tion of  zinc  ethyl  in  quantity  are  given.  The  zinc-copper  couple 
used  is  made  by  reducing  a  mixture  of  100  parts  of  zinc  dust  and 
12  parts  of  copper  oxide  powder  in  a  stream  of  hydrogen.  The 
results  of  a  number  of  experiments  show  that  the  method  is  rapid 
and  gives  an  excellent  yield.  The  author  gives  some  valuable 
information  in  regard  to   the  manipulation  of  zinc  ethyl. 

The  Reactions  of  Aniline  and  Hydroxyiamine  with  Hydroxy- 
and  Unsaturated  Compounds.  By  Alfred  Tingle.  Am. 
Chem.  J, ^  24,  45-60. — The  author  has  undertaken  an  investiga- 
tion of  the  characteristic  reactions  of  the  group  — CH  :  C.OH. 
As  the  group  under  investigation  contains  two  reactive  elements, 
a  double  bond  and  a  hydroxyl  group,  it  seemed  best  to  study  in 
the  beginning,  first  a  compound  containing  no  double  bond  but 
a  hydroxyl  group  which  is  rendered  more  active  by  the  presence 
of  a  highly  negative  radical,  and,  second,  a  compound  contain- 
ing a  double  bond  and  a  negative  group.  As  examples  of  these 
two  classes  of  bodies,  ethyl  tartrate  and  ethyl  cinnamate  were 
used.  The  action  of  aniline  and  of  hydroxyiamine  on  the  sub- 
stances was  studied,  but  the  results  do  not  yet  warrant  any 
definite  conclusions.  When  ethyl  tartrate  was  boiled  with 
aniline,  tartranilide  and  a  body  which  appeared  to  be  ethyl 
phenyltartramate, 

CH.OH.CO,C,H5 

I  ,(m.  p.  I5i°-i52*) 

CH.OH.CO.NHC.H, 

were  formed.  This  reaction  shows  that  the  hydroxyl  group, 
under  these  conditions,  is  inactive  toward  an  amine.  The  ester 
did  not  react  with  hydroxyiamine  in  a  number  of  experiments. 
Aniline  was  found  to  react  with  neither  ethyl  nor  sodium  cin- 
namate. With  hydroxyiamine,  however,  there  was  a  complica- 
ted reaction  which  led  to  the  formation  in  aqueous  solution,  of 
an  oil,  which  is  at  present  under  investigation,  and  phenylisox- 
azolone.  When  aniline  was  boiled  with  methyl  salicylate  the 
products  were  phenol  and  methylaniline.  As  the  yield  is  very 
good  the  author  proposes  to  extend  the  reaction  to  the  prepara- 
tion of  other  alkylanilines. 

On  the  Molecular  Rearrangement  of  the  Thioncarbamic, 
Thioncarbanilic,  and  Thioncarbazinic  Esters  :  /?-Alkyl-a-;<-di- 
ketotetrahydrothiazoles.  By  Henry  L.  Wheeler  and  Bay- 
ard Barnes.  Am.  Chem.  J.,  24,  60-83. — It  has  already  been 
shown  by  the  authors  that  thioncarbamic  esters,  H,N.CS.OR 
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are  readily  converted  into  the  isomeric  thiol  compounds, 
HjN.CO.SR,  by  the  action  of  alkyl  halides.  In  the  present 
paper  are  given  the  results  of  an  examination  of  certain  thion 
esters,  XHN.CS.OR,  under  the  same  conditions.  The  experi- 
ments led  to  the  preparation  of  some  homologues  of  a-;<-diketo- 
tetrahydrothiazole  and  of  sulphocyanacetic  acid.  When  X  in 
the  above  formula  is  C,Hg,  the  compounds,  thioncarbanilic  esters, 
react  less  readily  with  alkyl  halides  than  the  thioncarbamic 
esters.  When  X  is  the  group  C.HjNH ,  however,  the  compounds, 
thioncarbazinic  esters,  react  with  great  ease  with  both  alkyl  and 
acyl  halides.  To  prepare  phenyl  thioncarbazinic  ester,  ethyl 
dithiocarbonate  was  treated  with  phenylhydrazine.  In  addition 
to  the  compound  sought,  the  hydrazone  C^H^NH.N :  C.SC,H,. 
OCjHj  was  obtained.  When  this  hydrazone  is  treated  with  thio- 
benzoic  acid,  the  compounds  unite  at  the  double  bond  and  sub- 
sequently break  down  with  the  formation  of  phenylthiolcarba- 
zinic  ester  and  ethyl  thiol benzoate.  The  hydrazone  can  be  con- 
verted into  thioncarbazinic  ester  by  the  action  of  hydrogen  sul- 
phide or  hydrogen  chloride.  The  reaction  involves  the  forma- 
tion of  addition-products  and  the  subsequent  elimination  of  ethyl 
mercaptan  and  ethyl  chloride  respectively.  The  addition-prod- 
uct containing  hydrogen  chloride  was  isolated.  The  hydrazone 
reacts  energetically  with  acetyl  and  benzoyl  chlorides.  With 
the  latter  compound  an  addition-product  is  formed,  which 
breaks  down  into  ethyl  chloride  and  the  compound 

CjHjS.CO.NH.N.CeHj.COCeH,. 

Phenylthioncarbazinic  ester  is  converted  at  ordinary  tempera- 
tures into  the  corresponding  thiol  compound  by  alkyl  halides. 
It  reacts  with  phosgene  giving  ethoxyphenylthiobigzolone, 

C,H,.N* N 

I  II 

OC— S— C.OC,Hj 

and  gives  a  benzoyl  derivative  of  the  following  structure  : 

C,H,.C,H5CO.N,NH.CS.OC,H5. 

The  action  of  chloracetic  acid  on  ethyl  thioncarbamate  is  analo- 
gous to  that  of  the  alkyl  halides  :  an  addition-product  is  first 
formed,  which  loses  ethyl  chloride  and  is  thus  converted  into 
carbaminthiolglycollic  acid,  H,N.CO.SCH,.CO,H.  This  deriv- 
ative of  glycollic  acid  loses  water  and  passes  into  ^-/i-diketo- 
tetrahy  drothiazole , 

S COv 

I  >NH. 

CH,.CO/ 
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Derivatives  of  the  above  compound  were  prepared  by  replacing 
chloracetic  acid  by  other  halogen-substituted  acids  in  the  fatty 
series,  and  by  the  action  of  hydrochloric  acid  on  the  a-sulpho- 
cyan  derivatives  of  the  fatty  acid  esters.  Reference  must  be 
made  to  the  original  paper  for  a  more  detailed  account  of  the 
compounds  mentioned  and  a  description  of  a  large  number  of 
esters  of  a-sulphocyanacetic  acid  and  its  homologues. 

Formation  of  Indigo  from  DIphenyldiketopiperazine.     Bt  M. 

KuHARA  AND  M.  CHiKASHiGfi.  Am,  Chem.J,,  34,  167-171. — 
When  diphenyldiketopiperazine, 

yCO.CH,v 

C,H,.N<  >N.CeH„ 

\CH,.CO/ 

prepared  from  chloracetanilide  and  potassium  hydroxide,  was 
cautiously  fused  with  potassium  hydroxide,  it  was  converted  into 
a  brown  substance,  which,  on  solution  in  water,  was  rapidly 
changed  into  indigo.  It  is  probable  that  in  the  reaction  phenyl- 
glycocoll  was  first  formed  and  that  this,  by  the  action  of  the 
alkali,  went  over  to  pseudoindoxyl  which  in  turn  was  converted 
by  the  oxygen  of  the  air  into  indigo.  This  synthesis  explains 
the  formation  of  indigo  from  bromacetanilide. 

The  Action  of  Nitric  Acid  on  Vanillin.  By  Wili^iam  B. 
Bbnti^ey.  Am,  Chem,  /.,  24,  171-181. — Nitric  acid  even  in  a 
5  per  cent,  solution,  does  not  oxidize  vanillin,  but  converts  it 
into  a  mixture  of  nitrovanillin,  dihydrodi vanillin,  and  dinitro- 
guaiacol.  Under  the  proper  conditions  a  good  yield  of  nitrova- 
nillin is  obtained.  The  compound  melts  at  176**,  and  forms 
insoluble  chromium,  copper,  and  lead  salts,  and  a  potassium 
salt  which  crystallizes  with  one  molecule  of  water  of  crystalliza- 
tion. Nitrovanillin  is  converted  by  nitric  acid  into  dinitro- 
guaiacol ;  its  structure  is,  therefore, 

C,H,.CHO.OCH,.OH.NO,(i,3,4,5). 

By  cautious  treatment  with  potassium  permanganate,  nitrovanil- 
lin was  oxidized  to  nitrovanillic  acid,  which  was  found  to  melt, 
after  careful  purification,  at  216®  and  not  at  202®,  the  melting- 
point  assigned  to  it  by  previous  investigators.  The  acid  crys- 
tallizes with  i^  molecules  of  acetic  acid. 
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Lecture  Experiments.    Reversible  Chemical  Reactions.    By 

W.  Lash  Mili^br  and  F.  B.  Kbnrick.  /.  Am.  Ckem.  Soc, 
22,  291-300. — The  mass-action  law  is  qualitatively  illustrated  by 
six  groups  of  experiments  on  the  equilibrium  of  reactions  famil- 
iar to  students  of  elementary  inorganic  chemistry.  The  manip- 
ulation is  decribed  in  detail ;  but  in  several  instances  it  is  not 
clear  what  the  experiment  is  intended  to  illustrate ;  thus  it  is 
not  apparent  that  the  mass- action  law  requires  that  dilution  with 
water  should  cause  precipitation  of  silver  bromide  or  of  cupric 
hydroxide  from  their  ammoniacal  solutions,  nor  that  the  former 
salt  should  be  precipitated  by  silver  nitrate  and  potassium  bro- 
mide^ except  through  a  consideration  of  the  electrolytic  dissoci- 
ation theory,  to  which  no  reference  is  made  by  the  authors. 

Notes  on  Lecture  Experiments  to  Illustrate  Equilibrium  and 
Dissociation.  By  Juuus  Stikglitz.  Am,  Chem.J.,  23,404- 
408. — The  first  experiment  described  consists  in  sealing  0.029 
gram  bromine,  in  glass  tubes  of  40  cc.  capacity,  in  one  case  with 
an  equal  molecular  quantity  of  phosphorus  tribromide  (or  tri- 
chloride), and  in  another  case  with  nine  (or  six)  times  as  much 
of  these  substances,  and  heating  the  tubes  side  by  side  in  a 
beaker  of  water  to  8o'*-9o''  (or4o**-55**).  The  brown  color  of  the 
bromine  vapor  is  much  deeper  in  the  tubes  containing  no  excess 
of  the  phosphorus  compound.  The  other  experiments  relate  to 
electrolytic  dissociation,  and  consist  in  showing  that  the  color 
produced  by  adding  a  little  ammonia  to  phenolphthalein  or  lit- 
mus solution  is  greatly  weakened  by  the  addition  of  concentra- 
ted ammonium  chloride  solution,  owing  to  the  reduction  of  the 
dissociation  of  the  ammonium  hydroxide. 

On  a  Minimum  in  the  ilolecular  Lowering  of  the  Freezing- 
Point  of  Water,  Produced  by  Certain  Acids  and  Salts.    By 

Victor  J.  Chambers  and  Joseph  C.  W.  Frazer.  Am.  Chem. 
/•>  23»  512-520. — The  investigation  is  a  continuation  of  that  of 
Jones  and  Chambers  {this  Rev.,  6,  72),  and  the  results  obtained 
are  entirely  similar.  The  substances  investigated  cryoscopically 
were  copper  sulphate,  phosphoric  acid,  hydrochloric  acid,  sodium 
acetate,  cadmium  iodide,  strontium  iodide,  and  zinc  chloride. 
All  of  them  except  the  first  show  a  marked  minimum  in  the 
molecular  lowering  at  concentrations  between  0.05  and  0.5  mol 
per  liter.  The  authors  consider  that  the  results  further  confirm 
the  explanation,  previously  offered,  that  the  quantity  of  solvent 
is  reduced  by  the  combination  of  it  with  the  dissolved  substance 
to  form  a  hydrate. 
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On  the  Freezing-Points  of  Aqueous  Solutions  of  Non-Elec- 
trolytes. By  E.  H.  Loomis.  Phys,  Rev.,  9,  257-287. — The 
method  is  essentially  the  same  as  that  used  by  the  author  in  his 
previous  work  {this  Rev,,  3,  23),  but  an  error  due  to  a  variation 
in  the  temperature  of  the  stem  of  the  thermometer  is  now  elimi- 
nated. It  is  shown  that  no  appreciable  error  is  involved  in  the 
author's  method  by  reason  of  a  difference  between  the  conver- 
gence temperature  (Nernst  and  Abegg,  Zischr,  phys.  Chem., 
Z5»  681),  and  the  true  freezing-point,  inasmuch  as  this  difference 
was  found  by  direct  experiment  to  amount  to  only  0.004"".  The 
molecular  lowerings  (calculated  for  i  mol  in  a  liter  of  solution) 
found  by  the  author  are  given  in  the  following  table. 


Solute. 


Concentration  in  moU  per  liter. 


0.01 


Methyl  alcohol i  .83 

Ethyl  alcohol i  .81 

^-Propyl  alcohol  . .  •  •  1.89 

»-Butyi  alcohol 1.89 

Amyl  alcohol 1.85 

Glycerine 1.86 

Dextrose 1.88 

Cane-sugar 1.87 

Mannite 1.85 

Acetone 1.85 

Chloral  hydrate 1.86 

Aniline 1.85 

Ether 1.62 


0.02 
1.81 
1.84 
1.86 
1.84 
1.86 
1.86 
1.84 
1.89 
1.86 
1.86 
1.87 
1.86 
1.68 


O.Q5 
1.82 
1.84 
1.87 
1.85 
1.85 

1.86 

1.86 

1.89 

1.86 

1.86 

1.85 

1-83 
1.71 


O.IO 

1.82 

o.ao 

1.83 

0.50 

x.oo 

1.85 

1.85 

1.86 

1.86 

1.86 

1.86 

1.845 

•   •  • 

t8? 

1.88 

1.90 

1.87 

1.98 

1.90 

1.97 

1.85 

1.85 

I.9I 

1.87 

1.88 

2.Q5 

1.81 

1.77 

•  •  • 

1.73 

1.73 

•  •  • 

Prom  plotting  the  results  the  author  concludes  that  all  the 
investigated  substances  exhibit  at  extreme  dilution  a  constant 
molecular  lowering  of  the  value  1.86"*,  with  the  exception  of  the 
three  substances  methyl  alcohol,  ethyl  alcohol,  and  ether,  for 
which  the  extrapolated  values  are  1.82®,  1.84**,  and  1.50®  respect- 
ively. The  author  suggests  that  these  apparent  exceptions  may 
arise  from  an  error  consisting  in  the  evaporation  of  these  volatile 
solutes  out  of  their  aqueous  solutions  during  the  experiment, 
but  he  has  not  adequately  tested  this  explanation,  which  seems 
an  entirely  reasonable  one,  especially  in  the  case  of  ether,  which 
exhibits  the  most  serious  anomaly.  Nevertheless,  the  investi- 
gation as  a  whole  furnishes  a  comprehensive  and  most  exact 
verification  of  the  Raoult-van't  Hoff  principle  and  of  van't  Hoff's 
thermodynamical  formula,  by  which  the  molecular  freezing-point 
lowering  for  water  is  calculated  to  be  i  .87°.  Finally  it  is  worthy 
of  note  that  the  deviations  from  this  value  rarely  exceed  about  i 
per  cent,  even  in  solutions  containing  as  much  as  o.  i  mol  per 
liter. 
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A  Revision  of  the  Atomic  Weight  of  iron.  By  Thbodorb 
William  Richards  and  Gregory  Paul  Baxter.  Proc,  Am. 
Acad.,  35,  253-260. — Ferric  oxide  made  in  two  different  ways, 
was  ignited  at  900"*  in  a  current  of  air,  weighed,  and  then 
reduced  in  a  current  of  electrolytic  hydrogen  at  900*.  Two 
determinations  with  oxide  prepared  from  precipitated  ferric 
hydroxide  gave  55.900  as  the  mean  value  of  the  atomic  weight, 
and  five  determinations  with  oxide  made  from  ferric  nitrate  gave 
on  the  average  55.883,  the  last  value  being  considered  nearest 
the  truth.  Experiments  are  described  which  prove  that  the  fer- 
ric oxide  occludes  no  appreciable  amount  of  gas,  and  the  same 
had  been  previously  shown  to  be  true  of  iron  ignited  in  hydro- 
gen. Previous  determinations  are  criticized  at  the  close  of  the 
article;  and  the  errors  which  led  to  the  higher  value  (56.0) 
commonly  adopted  are  suggested. 

On  the  Determination  of  Sulphuric  Acid  in  the  Presence  of 
iron  :  A  Note  on  Solid  Solutions.    By  Theodore  William 

Richards.  Pror.Am.  Acad.^sS*  377""383. — The  author  main- 
tains, on  the  basis  of  the  previously  published  experiments,  that 
the  precipitation  of  iron  with  barium  sulphate  is  due  to  the  occlu- 
sion, at  the  moment  of  the  separation  of  the  precipitate,  of  a 
'  complex  basic  compound  of  iron  and  sulphuric  acid  analogous  to 
the  well-known  compound  of  chromium,  and  that  the  amount 
occluded  will  be  dependent  upon  the  amount  of  the  complex  salt 
present  in  the  solution,  in  accordance  with  the  distribution  law. 

The  Driving  Tendency  of  Physico-Chemical  Reaction  and  Its 
Temperature  Coefficient.  By  Theodore  William  Richards. 
/.  Phys.  Chem.,  4,  383-393  ;  Prac.  Am.  ^ra//.,  35,471-480. — The 
author  first  discusses  the  relations  between  the  two  familiar  van  't 
HofF  equations  : 

d       c-^c,'<-   _    U  d  .  A^^A^"'^- •   _  -X 

Jt^'c^^ci^^-   "H^^^"^  dt^^'p-^p^^'-   -^  RT' 

He  emphasizes  the  advantages  of  the  latter,  designating  it  the 
reaction  isobar,  since  A.  represents  the  absorption  of  heat  when 
the  reaction  takes  place  under  constant  external  pressure.  A 
further  equation,  designated  the  reaction  metatherm,  is  derived, 
which  includes  both  the  case  of  a  reaction  at  constant  pressure 
and  that  of  one  at  constant  volume.  In  the  latter  part  of  the 
article  it  is  suggested  that  there  may  be  theoretical  advantages 
in  considering  the  equilibrium  ratio,  or  constant  (^)  resolved  into 
separate  constant  factors  (-^,,-ar/  •••  )  characteristic  of  each  of  the 
reacting  substances,  of  whose  reciprocals  the  constant  shall  be 
the  same  function  as  it  is  of  the  partial  pressures ;  that  is 
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The  factors  z^^^x"'  ^^^  designated  '*  single  physico-chemical 
potentials/'  and  the  constant  k  is  called  **  the  driving  tendency 
of  the  reaction/'  since  it  is  regarded  **  as  an  opposing  pressure 
tendency  just  equal  to  the  ratio  of  the  pressures  actually  ob- 
served." 

A  Table  of  Atomic  Weights  of  Seventy-four  Elements.     By 

Theodore  Wilwam  Richards.  Proc.  Am,  Acad,,  35,  621. — 
The  only  changes,  aside  from  the  number  of  figures  retained, 
from  the  table  published  by  the  same  author  two  years  ago  {this 
Rev.,  4,  ii9)»  and  the  only  important  differences  from  the  values 
recently  adopted  by  Clarke  (this  Rev.,  6,  72),  are  shown  below  : 

1898.  1900.  Richards.  CUrke. 

Boron 10.95  ii.o  Antimony  •••  •  120.0  120.4 

Calcium  •  • .  -  40.0  40.  i            Cerium 140.  i39-o 

Iron 56.0  55.9           Iron 55.9  56.0 

Selenium '••  79.0  79.2  Magnesium ••  24.36  24.3 

Tungsten  •••  184.4  184.  Palladium*  ••  106.5  107.0 

Strontium  . .  •  87.68  87.60 

A  Preliminary  investigation  of  tlie  Conditions  which  Deter- 
mine the  Stability  ol  Irreversible  Hydrosols.     By    W.     B. 

Hardy.  /.  Phys.  Chem.,  4,  235-253. — The  author  has  shown 
that  the  particles  of  heat-modified  proteid  or  egg-white  in  the 
form  of  a  hydrosol  (that  is,  in  the  form  of  an  aqueous  colloidal 
solution)  are  electropositively  or  electronegatively  charged  and 
move  towards  the  one  electrode  or  the  other  when  subjected  to 
the  influence  of  a  high  difference  of  potential,  according  as  the 
solution  is  acid  or  alkaline  ;  and  that  in  neutral  solution  the  elec- 
tric field  has  no  influence,  in  which  case  the  particles  and  the 
fluids  are  said  to  be  isoelectric.  The  isoelectric  point  is  of  great 
importance  since  it  is  also  the  point  ml  minimum  stability  or  of 
most  ready  coagulation  of  the  hydrosol,  this  principle  being 
generally  applicable  to  hydrosols,  in  spite  of  the  great  differ- 
ences in  stability  towards  chemical  agents  which  different  ones 
exhibit.  The  article  is,  however,  mainly  devoted  to  the  effect 
of  various  salts,  acids,  and  alkalies  in  coagulating  hydrosols. 
The  author  derives  from  his  experiments  the  new  principle  that 
the  coagulation  is  determined  by  that  one  of  the  two  ions  which 
has  an  electric  charge  opposite  in  sign  to  that  of  the  colloidal 
particle ;  and  confirms  the  conclusion  previously  drawn  by  others 
that  bivalent  ions  are  enormously  more  active  in  causing  coagu- 
lation than  univalent  ones,  and  that  trivalent  ions  again  are  far 
more  active  than  bivalent  ions.     In  proof  of  this  principle  it  is 
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shown  that  dialyzed  silica,  proteid  in  presence  of  a  trace  of 
alkali,  dialyzed  mastic,  and  colloidal  gold,  whose  particles  are 
all  electronegative,  are  coagulated  at  once  or  in  a  relatively  short 
time  by  aluminum  sulphate,  copper  sulphate,  or  chloride,  cad- 
mium nitrate,  barium  chloride,  and  magnesium  sulphate,  but 
are  not  coagulated  by  equivalent  solutions  of  potassium  or  sodium 
sulphate  or  of  sodium  chloride ;  while  proteid  in  the  presence  of 
a  trace  of  acid  and  dialyzed  ferric  hydrate,  whose  particles  are 
electropositive,  are  coagulated  at  once  by  all  the  sulphates  in- 
vestigated, namely  those  of  aluminum,  copper,  magnesium, 
potassium  and  sodium,  but  not  by  the  chlorides  of  copper, 
barium,  or  sodium,  nor  by  the  nitrate  of  cadmium.  The  salt 
concentration  necessary  to  coagulate  ferric  hydrate  was  found  to 
be  1/4000  mol  per  liter  in  the  cases  of  potassium  and  magne- 
sium sulphate,  but  i/io  to  1/50  mol  in  the  cases  of  the  chlorides 
of  sodium  and  barium  and  the  nitrate  of  cadmium  ;  similar  con- 
centration results  are  given  also  in  the  case  of  gum  mastic  and  of 
colloidal  gold.  In  accordance  with  the  author's  principle  is  also 
the  behavior  of  acids  and  alkalies,  for  the  concentration  neces- 
sary for  the  coagulation  of  negative  colloid  particles  by  acids  or 
of  positive  particles  by  bases  is  shown  to  be  that  at  which  the 
various  acids  or  bases  have  the  same  specific  conductivities  and, 
therefore,  approximately  the  same  concentration  of  hydrogen  or 
hydroxy  1  ions.  On  the  other  hand,  the  effect  of  acids  on  posi- 
tive particles  or  of  bases  on  negative  particles,  though  somewhat 
irregular,  is  clearly  dependent  on  the  valence  of  the  negative 
and  positive  ions  respectively.  A  series  of  experiments  is  also 
given  on  the  concentration  of  potassium  sulphate  necessary  to 
produce  coagulation  of  colloidal  gold  in  solutions  containing 
acetic  acid  or  ammonia  in  various  amounts.  The  article  closes 
with  a  summarized  statement  of  results,  interspersed  with  hypo- 
thetical considerations. 

On  the  nechanism  of  Qelation  in  Reversible  Colloidal  Sys- 
tems. By  W.  B.  Hardy.  /.  Phys.  Chetn.,  4,  254-273. — From 
a  study  of  gelatine-water-alcohol  and  agar-water  mixtures  it  is 
concluded  that,  in  accordance  with  the  view  of  van  Bemmelen 
(Ztschr.  anorg,  Chem,,  18,  20),  the  jellies  or  gels  produced  by 
cooling  consist  of  a  framework  of  solid  material  within  which 
is  enclosed  a  fluid.  Further  details  of  the  structure  are  also 
described.  The  solid  can  be  separated  from  the  fluid  by  gentle 
pressure.  The  composition  of  the  two  phases  was  determined  in 
the  case  of  the  agar-water  mixture  for  different  proportions  of  the 
components  and  for  different  temperatures,  and  was  found  to 
vary  with  both  of  these  conditions,  a  fact  seemingly  inconsistent 
with  the  phase  rule,  to  account  for  which  h3rpotheses  are  sug- 
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gested  by  the  author.  The  composition  of  the  phases  was  also 
found  to  depend  greatly  on  whether  the  final  temperature  was 
reached  from  a  higher  or  lower  temperature,  there  being  a 
marked  lagging  effect. 

Vapor-Pressure  Relations  in  Mixtures  of  Two  Liquids,  I  and 

11.  By  a.  Ernest  Taylor.  /.  Phys,  Chem,,  4,  290-305  ;  355- 
369. — These  papers  describe  an  experimental  investigation  of  the 
vapor-pressure  of  mixtures  of  acetone  and  water  at  various  tem- 
peratures, and  of  the  composition  of  the  vapor  from  such  mix- 
tures. Part  I  is  devoted  to  a  description  of  the  apparatus  and 
methods  employed.  The  main  feature  of  the  vapor-pressure 
method,  which  consisted  in  determining  the  boiling-point  under 
measured  pressures,  is  considered  to  be  the  arrangements  for  the 
avoidance  of  superheating  ;  a  large  quantity  of  a  mixture  of  gar- 
nets with  scrap  platinum  or  with  silver  tetrahedra  was  placed  in 
the  boiling  vessel,  and  this  was  submerged,  up  to  the  level  of  the 
liquid  within,  in  a  water- bath  kept  S"*  above  the  boiling-point. 
The  composition  of  the  vapor  was  determined  in  a  separate  oper- 
ation by  distilling  off  20  cc.  from  a  220  cc.  portion  of  the  mix- 
ture, and  determining  the  boiling-point  of  this  distillate  under 
atmospheric  pressure.  Part  II  contains  the  experimental  results 
together  with  their  graphical  representations  and  reductions  of 
them  for  even  temperatures  and  pressures.  The  boiling-points 
of  pure  water  and  acetone  and  of  mixtures  of  them  varying  suc- 
cessively by  10  per  cent,  in  composition,  were  determined  at  a 
large  number  of  different  pressures  lying  between  115  mm.  and 
715  mm.  The  composition  of  the  distillate  was  determined  for 
each  mixture  at  two  pressures,  200-250  mm.  and  740  mm.  The 
discussion  of  the  results  is  reserved  for  a  third  paper. 

On  the  Determination  of  Transition  Temperatures.    By  H. 

M.  Dawson  and  P.  Williams.  /.  Phys.  Chem,,  4,  370-382.— 
In  order  to  determine  the  transition  temperature  of  hydrated 
salts,  the  authors  have  measured  in  the  neighborhood  of  the  tem- 
perature, instead  of  the  composition,  the  density  and  electrical 
conductivity  of  solutions  saturated  with  each  of  two  solid  phases, 
and  by  plotting  the  results  have  tried  to  locate  the  point  of  inter- 
section of  the  two  curves.  The  property  of  density  was  shown 
to  give  entirely  satisfactory  results  with  sodium  sulphate  ;  but 
this  was  not  true  of  the  electrical  conductivity,  for  in  such  con- 
centrated solutions  this  property  changes  very  slowly  with  the 
concentration.  This  gives  good  results  with  less  soluble  salts, 
however  ;  as  was  shown  by  experiments  with  sodium  sulphate. 
Incidentally  an  apparatus  is  sketched  and  described  for  the 
determination  of  the  conductivity  of  hot  saturated  solutions;  and 
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the  transition  temperatures  of  NasSO^.ToH^O,  MnCl,.4H,0,  and 
Th(S0;.),.9H,0  are  determined  to  be  32.38%  58'-59*,  and  47''-48% 

The  Allotropic  Forms  of  Selenium.  By  A.  P.  Saundkrs. 
/.  Phys,  Chem.,  4,  423-513. — The  larger  part  of  this  lengthy 
paper  is  devoted  to  a  list  of  references  to  previous  articles  re- 
lating to  the  properties  of  the  various  forms  of  the  element  sele- 
nium, and  to  abstracts  of  those  articles.  The  author  concludes 
from  his  investigation  that  selenium  exists  in  three  distinct 
forms,  the  liquid  (including  vitreous,  amorphous,  and  soluble 
selenium),  the  red  crystalline  form,  and  the  gray  crystalline  or 
metallic  form.  The  new  experiments  described  consist  first  of  a 
large  number  of  dilatometric  measurements,  by  which  it  is  shown 
that  the  metallic  form  is  the  stable  one  up  to  220**,  where  it 
melts,  it  showing  no  tendency  below  that  temperature  10  go  over 
into  any  other  form ;  and  that  vitreous  selenium  remains  for 
years  unaltered  at  the  ordinary  temperature,  but  goes  over  into 
the  metallic  form  at  6o''-8o*,  though  occasionally  it  may,  by 
rapid  heating,  be  brought  to  180"  before  changing.  The  results 
are  then  given  of  qualitative  experiments  On  the  effect  of  a  large 
number  of  liquids  on  amorphous  selenium,  one  group  of  them 
transforming  it  into  the  red  crystalline  form,  another  group, 
composed  exclusively  of  nitrogen  compounds,  changing  it  into 
the  metallic  form,  and  the  third  group,  consisting  of  water  and 
aqueous  solutions,  having  no  influence.  Experiments  are  also 
described  which  make  it  probable  that  the  red  crystals  have  an 
instable  melting-point  at  i7o°-i8o'*.  Finally  a  critical  consider- 
ation of  previous  results  and  of  some  experiments  of  his  own 
leads  the  author  to  adopt  as  the  most  probable  specific  gravity 
values,  4.26  for  the  amorphous,  4.28  for  the  vitreous,  4.47  for  the 
red  crystalline,  and  4.80  for  the  metallic  form. 

An  Exposition  of  the  Entropy  Theory.  By  J.  E.  Trevor. 
J.  Phys,  Chem.y  4,  514-528. — The  author  claims  to  have  given  a 
rigorous  mathematical  deduction  of  the  entropy  principle  with- 
out any  reference  to  the  properties  of  gases. 

Entropy  and  Heat  Capacity.  By  J.  E.  Trevor.  /.  Phys, 
Chem.,  4,  529-532. — The  conclusion  is  reached  that  **  a  system's 
entropy,  plus  its  heat  capacity  with  reference  to  any  reversible 
path,  is  equal  to  the  change  per  degree,  on  the  same  path,  of 
the  system's  store  of  heat.*' 

The  Relation  of  the  Taste  of  the  Acid  Salts  to  Their  Degree 
of  Dissociation,  if.  By  I^uis  Kahlenberg.  /.  Phys.  Chem., 
4«  533-537. — The  author  attempts  to  confute  the  explanation 


146  Review  of  American  Chemical  Research, 

advanced  by  Richards  {this  Rev.,  6,  121)  and  the  reviewer  {thu 
Rev.,  6,  73)  of  the  fact  that  the  sour  taste  of  acids  and  acid  salts 
is  not  proportional  to  the  concentration  of  the  hydrogen  ions  in 
their  solutions.  That  the  author  has  entirely  failed  to  under- 
stand that  explanation  will  be  evident  when  it  is  stated  that  the 
experiment  which  he  brings  forward  to  disprove  it  consists  in 
causing  a  hydrochloric  acid  solution,  so  weak  as  not  to  taste  sour 
when  tasted  in  the  ordinary  manner,  to  remain  long  in  motion 
in  contact  with  the  tongue,  with  the  result  that  no  sour  taste  is 
thereby  developed. 

The  Eighth  Group  of  the  Periodic  System  and  Some  of  Its 
Problems.  By  James  Lbwis  Howk.  Proc.  Am.  Assoc.  Ad- 
vancement Sci.y  49;  Science,  12,  20-34. — This  paper  is  a  vice- 
presidential  address  in  which  the  history  of  our  knowledge  of 
the  platinum  metals  and  their  compounds  is  briefly  presented. 
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UtTIMATS   ANALYSIS. 
H.  P.  Talbot,  Rbvibwbr. 

A  Process  for  the  Determination  of  C^rixin  Dioxide  in  Car- 
Iwnates.  By  R.  E.  Divine.  /.  Am.  Chem.  Soc,  aa,  473-476. 
The  apparatus  prescribed  is  of  simple  construction,  including  only 
two  flasks  with  easily  obtainable  accessories.  The  air  is  ex- 
pelled from  one  of  the  flasks  by  filling  it  with  steam,  and  after 
cooling,  the  carbon  dioxide  liberated  from  the  carbonate  in  the 
other  flask,  by  means  of  sulphuric  or  tartaric  acid,  is  collected 
in  the  first-named  flask.  Barium  hydroxide  solution  is  then  in- 
troduced, and,  after  shaking  to  absorb  the  carbon  dioxide,  the 
excess  of  the  hydroxide  is  determined. 

A  Method  for  the  Rapid  Gravimetric  Estimation  of  Lime. 

By  W.  H.  Hkss.  /.  Am.  Chem.  Sac.,  aa,  477-478.— The.  lime 
is  precipitated  as  oxalate;  this  precipitate  is  ignited  to  destroy 
the  filter,  and  the  residue  treated  with  ammonium  nitrate  and 
ammonium  sulphate.  Heating  is  continued  until  ammonium 
salts  are  expelled,  and  the  lime  is  weighed  as  sulphate. 

Note :  The  Employment  of  Ammonium  Molybdate  as  a  Test 
for  Tin.  By  J.  P.  Longstafp.  /.  Am.  Chem.  Soc,  22,450- 
451. — The  author  points  out  that  he  had  already  published  a 
paper  on  this  subject  (Chem.  News,  79,  282)  prior  to  the  publi- 
cation of  Rogers*  article  (/.  Am.  Chem.  Sac.,  22,  220).  The 
work  of  the  two  chemists  is  in  substantial  agreement. 
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Note :  The  Adulteration  and  Analysis  of  the  Arsenical  Insec- 
ticides. By  J.  K.  Haywood.  /.  Am.  Chem.  Soc.,22y  568-582. 
—  The  paper  contains  a  r^suni^  of  the  results  of  the  analyses  of. 
the  important  insecticides  of  this  class,  and  a  description  of  meth- 
ods of  analysis  which  have  given  satisfactory  results  in  the 
author's  hands. 

Note :  Qualitative  Tests  for  Boracic  Acid.  By  £.  M.  Wade 
AND  M.  L.  Wade.  /.  Am.  Chem.  Soc,  22,  618. — The  sub- 
stance to  be  tested  is  treated  with  hydrochloric  acid  and  wood 
alcohol,  the  solution  concentrated,  and  turmeric  paper  is  held  in 
the  vapors.  The  paper,  upon  treatment  with  dilute  ammonia, 
turns  deep  purple  or  blue. 

p.  J.  MOORB,  REVIBWBR. 

Estimation  of  Alkali  Carbonates  in  the  Presence  of  Bicar- 
bonates.  By  Frank  K.  Cameron.  Am.  Chem.  /.,  23,  471- 
486. — The  author  finds  existing  methods  unsatisfactory,  and 
recommends  that  such  solutions  be  titrated  with  a  solution  of 
acid  potassium  sulphate.  Certain  precautions  are  necessary  in 
order  to  obtain  a  satisfactory  end-point,  owing  to  the  instability 
of  bicarbonates  in  solution.  The  method  has  the  practical  ad- 
vantage that  alkali  and  chlorine  may  be  determined  in  the  same 
sample. 

Silicon  in  Ferrosilicon,  II.  By  Fred.  W.  Bauer.  Iron  Age, 
65,  (No.  22)  II. — The  author  compares  six  methods  for  the  de- 
termination of  silicon  in  ferrosilicon,  and  reaches  the  conclusion 
that  methods  involving  the  fusion  of  the  sample  with  sodium 
carbonate  should  be  abandoned,  as  yielding  too  low  results. 

The  Assay  of  Antimony.  By  Arthur  Chippendale.  Eng. 
Min.J.,  69,  553. — Native  oxides  of  antimony  are  readily  dis- 
solved by  boiling  in  concentrated  hydrochloric  acid,  with  the  oc- 
casional addition  of  crystals  of  potassium  iodide.  In  the  solu- 
tion the  antimony  may  be  determined  by  familiar  methods. 

The  Electrolytic  Determination  of  Copper.     By  Wili^iam  E* 
Grainger.     Eng.  Min.J.,  69,  558. — ^^The  article  gives  an  ac- 
count of  the  methods  by  which  ores  are  prepared  for  analysis  at 
the  laboratory  of  the  **  Ducktown  Copper  and  Iron  Co.  Limited.** 
The  arrangement  of  their  electrolytic  apparatus  is  also  described. 

Separation  and  Determination  of  Mercury  as  Mercurous 
Oxalate.  By  C.  A.  Peters.  Am.  /.  Sci.,  149,  401-406.— The 
author  sums  up  the  results  of  his  work  as  follows  :  **  Mercurous 
nitrate  may  be  estimated  volumetrically  by  precipitating  as  oxa- 
late and  determining  the  excess  of  precipitant  with  permanga- 
nate. The  precipitated  mercurous  oxalate  may  be  estimated 
gravimetrically,  by  drying  over  sulphuric  acid  and  weighing  di- 
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rectly."  Separations  of  mercurous  salts  from  small  quantities  of 
mercuric  compounds  may  also  be  made,  but  the  difficulties  in- 
crease with  the  amount  of  mercuric  salts  present. 

On  the  Qualitative  Separation  of  Nickel  and  Coblilt  by  the 
Action  of  Ammonium   Hydrate  on  the    Ferricyanides.     By 

Philip  E.  Browning  and  John  B.  Hartwkll.  Am,  J,  Sci., 
150,316-317. — The  method  of  Clarke  (Am,  J,  Set,,  ^^  67)  is 
improved  by  the  addition  of  the  solution  of  an  aluminum  salt. 

iodometric  Estimation  of  Arsenic  Acid.  By  P.  A.  Gooch 
and  Julia  C.  Morris.  Am,  J.  Sci,,  150,  151-157. — Soluble 
arsenates  are  treated  with  sulphuric  acid  and  potassium  iodide 
in  slight  excess.  The  bulk  of  the  liberated  iodine  is  expelled  by 
boiling,  and  the  solution  finally  bleached  by  the  careful  addition 
of  sulphurous  acid.  After  neutralization  with  sodium  hydrate 
and  acid  carbonate,  the  resulting  arsenite  is  titrated  with  iodine 
solution  in  the  usual  way.  Earlier  methods  based  upon  the 
same  reaction  are  critically  discussed. 

HBMmT  Pat,  Rbvibwbr* 

Note  on  a  Qualitative  Test  for  Tin.  By  Charlbs  Baskbr- 
VILLB.  J.  Elisha  Mitchell  Sci,  Soc,  16,  80-81. — The  test  in- 
volves the  application  of  Longstafi's  method,  which  depends  upon 
the  blue  color  produced  when  stannous  chloride  reacts  with 
molybdic  acid.  Compare  the  abstract  above  relating  to  the  same 
subject. 

J.  p.  NOKKI8,  Rbvibwbb. 

The  Elementary  Analysis  of  Organic  Substances  Containing 
Nitrogen.  By  Francis  Gang  Bbnbdict.  Am,  Chem.J,,  23, 
334-353. — In  order  to  prevent  the  formation  of  oxides  of  nitro- 
gen in  the  combustion  of  organic  substances  containing  nitrogen, 
the  compound  to  be  analyzed  is  burned  with  a  known  weight  of 
sugar  or  benzoic  acid.  After  the  substance  has  been  charred  in 
.the  closed  tube,  oxygen  is  admitted  to  oxidize  the  non-volatile 
residue  and  the  copper  that  has  been  reduced  by  the  volatile 
products  of  the  dry  distillation.  The  results  of  a  large  number 
of  analyses  made  under  these  conditions  prove  that  no  oxides  of 
nitrogen,  which  interfere  with  accurate  results,  are  formed.  The 
method  does  away  with  the  use  of  a  reduced  copper  spiral  and  so 
facilitates  the  analysis  of  nitrogenous  substances.  The  use  of 
sugar  or  benzoic  acid  in  the  analysis  of  compounds  containing 
nitrogen  which  is  not  united  to  oxygen,  is  not  necessary,  for  they 
can  be  burned  without  the  formation  of  oxides  of  nitrogen,  if  they 
are  charred,  in  the  manner  described  above,  before  oxygen  is 
admitted  to  the  tube.  The  analysis  of  a  compound  containing  a 
number  of  nitro  groups  can  be  readily  effected  by  mixing  the  sub- 
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stance  with  finely  powdered  silica.  The  silica  not  only  prevents 
an  explosion,  but  also  materially  assists  in  reducing  the  oxides 
of  nitrogen  formed. 
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Hbnry  Pay,  Reviewer. 

On  the  Isomorphism  of  Selenium  and  Tellurium.  By  James 
F.  NoRKis  AND  Richard  Mommers.  Am,  Chem,  J,,  23,  486- 
494. — The  isomorphism  of  the  double  bromides  of  selenium  and 
dimethylamine  with  the  corresponding  tellurium  compound  was 
studied  by  bringing  together  in  succession  saturated  solutions  of 
these  two  colored  salts  with  the  colorless  double  chloride  of  tel- 
lurium and  dimethylamine.  According  to  the  method  of  Retgers, 
isomorphism  exists  when  the  color  of  the  crystals  varies  grad- 
ually from  one  side  to  the  other,  the  crystals  of  the  pure  com- 
pounds being  visible  on  the  extreme  edgesof  the  mass.  If,  how- 
ever, the  salts  are  not  isomorphous,  they  do  not  mix,  and  in  the 
center  where  the  two  solutions  have  been  brought  together,  dis- 
tinct crystals  of  each  compound  may  be  seen,  owing  to  their  dif- 
ference of  color.  The  double  chloride  of  tellurium  and  di- 
methylamine gave  mixed  crystals  of  varying  depths  of  color 
with  both  the  selenium  and  the  tellurium  double  bromide,  show- 
ing the  isomorphism  of  both  bromides  with  the  chloride,  and 
consequently  with  each  other.  As  it  has  been  suggested  that 
tellurium  salts  are  isomorphous  with  those  of  the  platinum  group 
of  metals,  the  double  bromide  of  platinum  and  dimethylamine 
was  tested  in  the  same  manner,  using  again  the  double  chloride 
of  tellurium  and  dimethylamine.  In  this  case  the  two  compounds 
crystallized  out  separately,  disproving  the  isomorphism  of  the 
platinum  compound  with  those  of  selenium  and  tellurium.  Dur- 
ing the  investigation  the  following  double  salts  of  tellurium  were 
isolated:  3TeCl,.TeOCl,.4(CH,),NH.HCl.H,0,  TeCl,.TeOCl,. 
2(CHi),NH.HCl.H,0,  TeCl,.2TeOCl,.3(CH,),.NH.HCl,  TeCl, 
2(CH,),NH.HC1,  TeBr,.2(CH,),NH.HBr.  It  is  thus  shown 
that  tellurium,  as  well  as  selenium,  forms  double  salts  which 
contain  the  oxychloride  of  the  metal.  The  first  three  salts  can 
be  considered  as  derivatives  of  the  salt  TeCl4.(CH,),NH.HCl,  in 
which  a  part  of  the  tellurium  tetrachloride  has  been  converted 
into  the  oxychloride  by  the  water  in  the  solvent.  Double  salts 
of  tellurium,  analogous  to  the  double  salts  of  selenium  and  the 
perbromide  of  dimethylamine  (CHg)g.NH.HBr„  could  not  be  ob- 
tained. 

The  Occurrence  of  Vanadium,  Chromium,  and  Titanium  in 
Peats.    By  Chari,es  Baskervii^le.    /.  Am,  Chem,  Soc,  21, 
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706. — In  the  ash  from  three  samples  of  peat,  all  presumably 
from  Hyde  Swamps,  N.  C,  small  quantities  of  titanium,  chro- 
mium, and  vanadium  were  found. 

A  Study  of  Certain  Double  Chromates.  By  W.  G.  Hay- 
wood. J.  Elisha  Mitchell  Sci,  Soc,  16,  56-59. — By  crystallizing 
solutions  of  the  alkali  carbonates  with  the  alkali  bichromates, 
the  following  salts  were  isolated  :  NaNH4Cr04.2H,0,  2Na,Cr^0. 
(NHJ,CrO,.4H,0,  3K,CrO,.Na,CrO*»  K,CrO,.MgCrO,.2H,0. 
The  properties  of  these  salts  were  not  studied. 

On  the  Effect  of  Very  Low  Temperatures  on  the  Color  of 
Compounds  of  Bromine  and  Iodine.  By  J.  H.  Kasti^b.  Am. 
Chem.  /.,  23,  500-505. — In  a  previous  paper  (Ihis  Rev.,  6,  62)  the 
author  has  shown  that  the  color  intensity  of  the  halogens  is  in 
inverse  ratio  to  their  chemical  activity,  and  that  the  halogen 
compounds  which  are  least  stable  are  the  most  highly  colored. 
It  was  then  assumed  that  the  color  of  these  compounds  was  due 
to  dissociation.  This  idea  is  considered  to  be  confirmed  by  the 
experiments  described  in  the  present  paper.  The  following  com- 
pounds were  subjected  to  a  temperature  of  — 190**  in  a  Dewar 
tube  immersed  in  liquid  air :  Lead  iodide,  phosphorus  penta- 
bromide,  phosphorus  heptabromide,  mercuric  bromide,  iodo- 
form, benzene,  dibromsulphonamide,  tribromphenol  bromide, 
and  mercuric  iodide.  In  each  case  the  color  of  the  compound 
became  markedly  lighter  on  cooling,  the  change  being,  in  some 
cases,  very  decided.  It  would  seem  to  be  generally  true  that  all 
colored  substances  become  lighter  on  cooling  to  low  tempera- 
tures, but  the  change  of  color  cannot  be  due  in  all  cases  to  the 
same  causes  which  produce  it  in  the  bromides  and  iodides.  By 
cooling  simultaneously  the  yellow  and  red  varieties  of  mercuric 
iodide,  it  was  foutid  that  the  yellow  mercuric  iodide  became 
white  or  very  pale  yellow,  and  that  the  red  changed  to  orange- 
yellow,  from  which  facts  the  author  concludes  that  the  low  tem- 
perature does  not  change  the  red  variety  to  the  yellow  variety 
stable  above  128'',  but  simply  changes  its  color  in  a  manner 
characteristic  of  other  colored  bromides  and  iodides. 

On  the  Supposed  Allotropism  of  Phosphorus  Pentabromide. 

By  J.  H.  KASTI.E  AND  L.  O.  Beatty.  Am.  Chem.  /.,  23,  505- 
509. — It  has  been  found  that  the  red  crystals  which  have  been 
supposed  to  be  an  isomeric  form  of  phosphorus  pentabromide  are 
in  reality  phosphorus  heptabromide.  The  two  substances  be- 
have differently  towards  water.  The  yellow  phosphorus  penta- 
bromide, when  brought  in  contact  with  water,  changes  to  the 
oxybromide  and  afterwards  dissolves.  The  red  heptabromide 
dissolves  apparently  without  the  production  of  the  oxybromide 
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and  gives  a  solution  which  has  the  color  of  bromine  water,  the 
color  of  which  can  be  removed  by  carbon  disulphide.  It  is 
further  shown  that  heat  is  evolved  when  bromine  is  added  to 
phosphorus  pentabromide,  and  that  by  adding  a  small  quantity 
of  phosphorus  tribromide  to  the  red  compound  it  is  changed  to 
the  yellow  compound  according  to  the  equation  PBr,  +  P^r,  = 
2PBrj.  Phosphorus  heptabromide  has  been  obtained  in  the 
form  of  bright  red,  transparent,  prismatic  crystals  which  may  be 
resublimed,  but  which  give  up  bromine  on  standing  in  contact 
with  bromine  absorbents. 

Notes  on  Gold-Sodium  Chloride.  By  Lyman  F.  Kbbur.  /. 
Franklin  Inst.^  150,  235-237. — The  following  varying  percent- 
ages of  gold  have  been  found  in  five  samples  of  commercial  gold- 
sodium  chloride  :  21.29,  24.68,  26.13,  29.02,  32.91. 
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A.  A.  NOYB8,  RBVIBWB&. 

The  Precipitation  of  the  Sulphides  of  Nickel  and  Cobalt  in 
an  Alkaline  Tartrate  Solution,  together  with  an  Investigation 
into  the  Nature  of  Certain  Tartrates  of  these  Metals.     By  O. 

F.  Tower,  y.  Am.  Chem.  Soc,  22,  501-521. — The  investiga- 
tion is  mainly  a  physico-chemical  one.  Nickel  tartrate  of  the 
composition  NiC^H^O,,  a  solution  of  which  is  formed  by  digest- 
ing an  excess  of  nickel  hydroxide  with  cold  dilute  tartaric  acid, 
was  found,(i)  by  the  freezing-point  method,  to  haveino.i  molar^ 
solution  a  molecular  weight  nearly  a  third  greater  than  that 
corresponding  to  the  formula;  (2)  to  have  an  exceptionally 
small  electrical  conductivity  (at  o.oi  molar  concentration  about 
one-third  that  of  magnesium  tartrate),  which  increases  very 
rapidly  with  the  dilution  ;  and  (3)  to  give  rise,  when  nickel 
electrodes  are  placed  in  a  0.02  molar  solution  of  it  and  a  o.  i 
molar  one  of  nickel  nitrate,  to  an  electromotive  force  (0.048 
volt),  which  corresponds  to  the  presence  of  about  8  per  cent,  of 
the  nickel  in  the  form  of  its  ions  in  the  former  solution.  Corre- 
sponding measurements  with  potassium  nickel  tartrate, 
(KjNiCgHgOi,),  made  by  digesting  nickel  tartrate  at  40*  with 
potassium  hydrogen  tartrate  and  in  other  ways,  showed  an  ap- 
parent molecular  weight  about  one-third  of  that  corresponding 
to  the  formula  just  given,  a  conductivity  not  very  different  from 
that  of  a  sodium  tartrate  solution  containing  an  equivalent 
amount  of  the  alkali  metal,  and  an  electromotive  force  corre- 
sponding to  the  presence  of  only  0.2-0.3  per  cent  of  nickel  ions. 
All  these  facts  are  explained  by  the  assumptions  that  the  former 
salt  exists  largely  as  double  molecules  which  are  dissociated 

1  This  word  win  be  nted  in  this  Review,  in  accordance  with  the  suggestion  of  Ost- 
wald,  to  designate  a  concentration  of  one  mol  (one  molecular  weight  in  grams)  per  liter. 
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into  Ni"  and  O.CO.(CHOH),.CO.O.Ni.O.CO.(CHOH),.CO.O" 
ions  to  a  relatively  small  extent,  and  that  the  latter  salt  is  al- 
most completely  dissociated  into  two  K  ions  and  this  same  com- 
plex nickel  tartrate  ion,  this  last  ion  being  itself  only  very  slightly 
dissociated  at  moderate  dilutions,  but  appreciably  so  at  very 
great  dilutions.  The  author  has  also  investigated  the  effect  on 
the  freezing-point  of  a  neutral  nickel  tartrate  solution  of  adding 
successive  quantities  of  potassium  hydroxide,  but  the  results  are 
so  irregular,  owing,  perhaps,  to  the  formation  of  a  colloidal  sub- 
stance, which  even  separated  as  a  jelly  at  one  concentration, 
that  the  conclusions  drawn  from  them  in  regard  to  intermediate 
compounds  seem  to  the  reviewer  of  little  value.  It  may  be  men- 
tioned, however,  that  when  two  mols  of  potassium  hydroxide 
were  added  to  one  uiol  of  NiC^H^O,,  the  apparent  molecular 
weight  was  found  to  be  185,  while  that  corresponding  to 
K,C4H,NiOg  is  2S3,  thus  showing  that  the  double  molecules  in 
the  pure  nickel  tartrate  solution  are  finally  resolved  by  the  potas- 
sium hydroxide,  as  might  be  expected,  into  single  ones,  and  that 
these  are  considerably  dissociated.  Electromotive-force  meas- 
urements showed  that  nickel  ions  were  not  present  in  apprecia- 
ble quantities  in  this  solution. — Freezing-point  and  conductivity 
measurements  in  the  case  of  the  various  corresponding  cobalt 
compounds,  gave  analogous  results.  The  conductivity  of  neu- 
tral cobalt  tartrate  in  0.06-0.02  molar  solution  is,  however, 
nearly  one-half  greater  than  that  of  the  nickel  compound. 
Finally,  the  author  shows  that  in  the  solution  prepared  by  add- 
ing an  excess  of  sodium  hydroxide  to  nickel  tartrate  solution  and 
saturating  with  hydrogen  sulphide,  nickel  sulphide  is  probably 
present  in  the  colloidal  condition;  for  the  solution  polarizes  light, 
and  nickel  sulphide  is  precipitated  from  it  by  the  addition  of 
gum-arabic  and  alcohol.  The  different  behavior  of  cobalt,  which 
is  precipitated  by  the  hydrogen  sulphide,  therefore  arises  merely 
from  the  much  smaller  tendency  of  its  sulphide  to  remain  in  the 
colloidal  condition.  Villiers'  method  of  separation,  which  is 
based  on  this  difference  of  behavior,  is  regarded  by  the  author  to 
be  unsatisfactory  for  several  reasons. 

The  Relation  between  Structural  and  Magneto-optic  Rota- 
tion. By  A.  W.  Wright  and  D.  A.  Krbider.  Am,  J.  Sci., 
156,  416-427.—  Experiments  have  been  made  by  the  authors  to 
determine  whether  the  molecular  structure  or  aggregation  to 
which  optical  activity  is  due  is  influenced  by  causing  the  chem- 
ical substance  or  crystals  to  be  produced  in  a  magnetic  field, 
which  itself,  as  is  well  known,  imparts  temporary  activity  to 
all  substances.  The  results  obtained  were  negative  in  all 
cases,  it  being  found  that  ^/-tartaric  acid  was  converted  into  the 
active  forms  at  the  same  rate  whether  it  was  heated  with  water 
in  a  magnetic  or  in  a  neutral  field,  that  racemic  acid  does  not 
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become  active  when  heated  in  a  magnetic  field,  and  that  sodium 
chlorate  does  not  show  any  increased  tendency  to  crystallize  in 
either  the  dextro-  or  laevorotatory  form  in  a  magnetic  field.  It 
was,  however,  found  that  both  kinds  of  crystals  of  this  substance, 
and  that  also  crystals  of  ferrous  sulphate  have  a  marked  ten- 
dency to  form  more  abundantly  in  the  strpngest  part  of  the  field. 
It  was  also  found,  contrary  to  the  previous  experiments  of  Pope 
and  Kipping  {Chem,  News,  75,  45),  that  the  presence  of  an  op- 
tically active  substance  (glu<::ose)  in  the  solution  does  not  have 
any  effect  on  the  form  of  the  sodium  chlorate  crystals  produced. 

Toxic  Action  of  Acid  Sodium  Salts  on  Lupinus  Albus.     Bv 

Louis  Kahlenberg  and  Roli^n  M.  Austin.  /.  Phys.  Chem.y 
4»  553~569' — ^t  is  found  that  the  toxic  effect  of  the  acid  sodium 
salts  of  oxalic,  tartaric,  malic,  succinic,  and  citric  acids,  on  seed- 
lings  of  Lupinus  Albus,  increases  with  the  extent  of  their  disso- 
ciation into  hydrogen  ions,  but  is  very  far  from  proportional  to 
the  concentration  of  these,  as  is  shown  especially  by  a  compari- 
son with  the  effect  of  hydrochloric  acid.  As  in  the  case  of  their 
sour  taste  {this  Rev.,  6,  73),  the  physiological  action  of  these 
salts  is  dependent,  not  only  on  the  concentration  of  the  hydrogen 
ions,  but  also  on  that  of  the  salt  as  a  whole. 

Relationsliips  lietween  Ttiermodynamic  Fundamental  Func* 
tions.  By  J.  E.  Trevor.  /.  Phys.  Chem,,  4,  570-584. — The 
author  derives  a  large  number  of  equations  expressing  the  rela- 
tions between  the  four  fundamental  functions,  energy,  free 
energy,  the  heat  function,  and  the  thermodynamic  potential, 
both  for  the  case  of  a  system  of  definite  masses  and  for  the  indi- 
vidual phases. 

Tlie  Boiling-points  of  Mixtures  of  Cliloral  and  Water.    Bv 

Joseph  C.  Christensen.  /.  Phys.  Chetn.,  4,  585-597. — It  is 
found  that  the  addition  of  5  per  cent,  of  water  to  pure  chloral 
causes  a  depression  of  its  boiling-point  by  about  2*;  about  5  per 
cent,  more  water  then  raises  it  to  its  original  value ;  after  which 
further  additions  raise  the  boiling-point  very  gradually  to 
that  of  pure  water,  which  is  about  3°  higher  than  that  of  pure 
chloral. 

On  tlie  Emission  and  Al>sorption  of  Water  Vapor  hy  Col- 
loidal flatter:  Correction.  By  P.  Duhem.  /.  Phys.  Chem.,  4, 
598. — Two  equations  in  the  previous  article  with  the  same  title 
{this  Rev.,  6,  74)  are  stated  to  be  incorrect. 

On  the  Rosition  of  Helium,  Argon,  and  Krypton  in  the 
Scheme  of  the  Elements.  Bv  Wii^uam  Crookes.  Am.  /. 
Sci.,   156,   189-192. — The  author  points  out  that  in  his  earlier 
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proposed  arrangement  of  the  elements  (/.  Chem,  Sac.,  53,  502, 
1888)  at  equi-distant  intervals  on  an  ascending  curve  of  figure- 
eight  horizontal  projection,  vacant  spaces  exist  into  which  the 
new  elements,  helium,  neon,  argon,  metargon,  and  krypton,  are, 
in  consideration  of  their  properties,  appropriately  inserted. 

H.  M.  Goodwin,  Rbvibwbr. 

The  Solution-tension  of  Zinc  in  Ethyl  Alcohol.  By  Harry 
C.  Jones  and  Arthur  W.  Smith.  Am.  Chem.  /.,  23,  397- 
403. — From  Kahlenberg*s  value  of  the  electromotive  force  (0.195 
volt)  of  the  cell :  Zn,  o.i  n  ZnCl,  alcoholic,  o.i  n  ZnCl  aqueous, 
Zn  (see  Ms  Rev.,  6,  11),  the  authors  calculate  the  value  of  the 
electrolytic  solution-pressure  of  zinc  in  alcohol  to  be  1.9  X  10". 
Prom  the  same  investigator's  measurement  of  the  absolute  poten- 
tial difference  between  zinc  and  a  o.  i  normal  alcoholic  ZnCl,  solu- 
tion, 0.327  volt,  the  value  is  of  the  same  order  of  magnitude, 
namely,  2.7  X  10".  These  calculations  are  based  on  a  deter- 
mination of  the  dissociation  of  ZnCl,  in  alcohol  by  the  boiling- 
point  method,  which  gave  6.5  per  cent,  for  a  0.1  normal 
solution.  The  electrolytic  solution- tension  of  zinc  in  water,  as 
computed  by  Ostwald,  is  10^^,  thus  about  10'  times  as  great  as 
the  value  in  alcohol. 

The  Conductivity  Temperature  Coefficient  of  some  Liquid 
Ammonia  Solutions.  By  Edward  C.  Frankun  and  Chas. 
A.  Kraus.  Am.  Chem./.y  24,  83-93. — Solutions  of  ammonium 
chloride,  bromide,  and  iodide,  of  potassium  iodide,  of  paranitro- 
phenol,  and  of  copper  nitrate  in  liquid  ammonia  were  sealed  in 
thick-walled  tubes  provided  with  small  platinum  electrodes,  and 
their  molecular  conductivity  determined,  over  wide  ranges  of 
temperature.  In  all  these  cases,  with  rising  temperature,  the 
conductivity  passed  through  a  maximum.  The  same  was  found 
to  be  true  for  a  solution  of  potassium  iodide  in  methylamine.  A 
solution  of  sulphur  in  ammonia  showed  a  distinct  conductivity 
at  139.5',  which  is  6.5''  above  the  critical  temperature  of  ammo- 
nia. Solutions  of  potassium,  sodium,  and  lithium  in  liquid  am- 
monia have  a  positive  temperature  coefficient. 

On  the  Electrolytic  Deposition  of  Metals  from  Non-aqueous 
Solutions.  Bv  Louis  Kahlenberg.  /.  Phys.  Chem.,  4,  349-355. 
— Experiments  wci  e  made  on  the  deposition  of  silver  from  solutions 
of  silver  nitrate  in  pyridine,  aniline,  benzonitrile,  quinoline,  and 
acetone,  and  also  on  that  of  lead  and  antimony  from  non-aque- 
ous solutions.  Comparing  the  amount  of  silver  deposited  with 
that  deposited  in  an  ordinary  silver  voltameter  connected  in  series 
with  the  electrolytic  cell,  it  was  found  that  the  latter  was  uniformly 
higher,  by  nearly  a  per  cent,  in  some  cases.     This  discrepancy  is 
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attributed  to  secondary  reactions,  as  the  silver-deposits  from  the 
non-aqueous  solutions  were  usually  discolored.  It  was  found  that 
silver  could  be  completely  separated  electrolytically  in  compact 
form,  from  pyridine  solutions,  both  pure  and  mixed  with  water. 
The  work  is  stated  to  be  only  preliminary  in  character. 

On  the  Weston  Cell.  By  H.  T.  Barnes.  /.  Phys.  Chem., 
4»  339~349' — The  author  has  investigated  a  number  of  Weston 
cadmium  cells  of  various  construction  with  reference  to  the 
change  in  their  temperature  coefficients,  which  the  experiments 
of  Kohnstamm  and  Cohen  on  the  inversion  point  of  cadmium 
sulphate  in  the  neighborhood  of  15^  would  lead  one  to  anticipate. 
Their  experiments  all  show  the  temperature  coefficient  of  these 
cells  to  agree  remarkably  well  between  15°  and  40**,  and  that 
they  are  expressed  well  by  the  formula  Et  =  E^ — 0.086  (t — 15*). 
Between  o**  and  15°  different  cells  behave  quite  differently  how- 
ever, some  of  them  showing  an  abrupt  change  in  their  tempera- 
ture coefficient  at  about  2°,  others  between  8**  and  15**,  while  still 
others  showed  no  sudden  change  at  all.  The  values  of  the  elec- 
tromotive force  for  different  cells  at  o**  varied  as  much  as  two 
millivolts.  The  mean  corrected  ratio  of  the  electromotive  force 
of  the  Clark  cells  at  15°  to  that  of  the  cadmium  cells  at  20"  was 
found  to  be  1.40658,  while  Kahle  gives  the  nearly  identical  value 
1.40663.  The  reviewer  would  mention  in  this  connection  that 
Jaeger  and  St.  Lindeck,  of  the  Reichsanstalt  {Ztschr.  phys,  Chem,, 
35*  9^)1  have  found  cadmium  cells  containing  a  13  percent, 
amalgam  wholly  reliable  above  10°,  while  Cohen  {Ztschr.  phys, 
Chem.,  34,  621)  claims  they  are  unreliable  below  23°.  The  con- 
centration of  the  amalgam  appears  to  have  a  decided  influence 
on  the  constancy  of  the  cells. 

Electrolysis  of  5odium  Chloride.  By  C.  G.  L.  Wolf.  /. 
Phys.  Chem,,  4,  200-206. — The  article  describes  a  convenient 
apparatus  for  the  electrolysis  of  solutions  evolving  gases  at  the 
electrodes,  adapted  for  the  laboratory  and  lecture  room.  The 
gases  are  separately  collected,  the  apparatus  kept  at  a  uniform 
temperature  in  a  thermostat,  and  the  solution  stirred.  Its  use  is 
illustrated  by  an  experiment  on  the  electrolysis  of  sodium  chlo- 
ride. 

A  Chromium  Cell  for  the  Rectification  of  Alternating  Cur^ 
rents.  By  J.  Livingston  R.  Morgan  and  W.  A.  Duff.  /. 
Am.  Chem.  Soc.^  22,  331-334. — An  electrolytic  cell  containing  a 
ten  per  cent,  sulphuric  acid  solution,  a  strip  of  platinum  foil 
as  cathode,  and  a  fragment  of  metallic  chromium  as  anode,  was 
found  to  prevent  the  passage  of  a  continuous  current,  if  the  exter- 
nal electromotive  force  vf2j& gradually  increased,  until  the  latter 
reached  a  value  of  75  volts.     The  polarization  is  broken  down  at 
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this  voltage  and  a  current  passes  from  chromium  to  platinum  in 
the  cell.  The  chromium  electrode,  however,  then  acquires  the 
property  of  polarizing  in  the  reverse  direction;  i.  e.,  a  current  in 
the  reverse  direction  will  now  no  longer  traverse  the  cell  from 
platinum  to  chromium  until  a  certain  voltage  (which  appears 
variable)  is  reached,  when  the  cell  is  again  broken  down,  a 
reversal  takes  place,  and  the  chromium  again  becomes  capable 
of  opposing  75  volts  when  acting  as  anode.  This  remarkable 
behavior  the  authors  attribute  to  the  chromium  passing  from 
the  **  active**  to  the  '*  inactive**  state  (Hittorf).  The  experi- 
ment is  interesting  in  connection  with  the  recent  beautiful  inves- 
tigations of  Ostwald  on  the  periodic  phenomena  observed  on  dis- 
solving chromium. 

Quantitative    Lecture  Experiments   on    Electrochemistry. 

By  W.  Lash  Miller  and  Frank  B.  Kenrick.  /.  Phys, 
Chem.,  4,  599-618. — The  authors  describe  in  detail  the  construc- 
tion of  a  lecture  room  galvanometer  of  the  d*Arsonval  type,  and 
accessories,  suitable  for  illustrating  quantitatively  numerous 
electrochemical  relationships.  The  index  of  the  galvanometer 
is  so  arranged  that  it  closes  a  circuit  through  a  relay,  if  deflected 
to  either  side  of  its  zero  position.  The  relay,  in  turn,  is  caused 
to  alter  a  variable  resistance  in  one  arm  of  the  Wheatstone  bridge 
arrangement,  until  the  adjustment  for  zero  deflection  is  pro- 
duced. The  resistance  thus  automatically  adjusted  is  recorded 
on  a  large  dial,  graduated  to  give  directly  in  ohms  the  resistance 
of  the  substance  measured.  Fifteen  quantitative  lecture  experi- 
ments are  described,  illustrating  Faraday's  Laws,  molecular 
conductivity,  Ostwald's  dilution  law,  isohydric  solutions,  elec- 
tromotive force,  and  polarization.  (Compare  also  Noyes  and 
Blanchard,/.  Am,  Chem  Soc,  22,  726.) 

A  New  Bridge  Arrangement  for  the  Determination  of  Elec- 
tromotive Force  by  Aid  of  the  Lippmann  Electrometer.     By  J. 

Livingston  R.  Morgan.  /.  Am.  Chem,  Soc,  12,  202-204. — 
The  arrangement  consists  in  connecting  a  constant  battery  in 
series  with  a  slide  wire  bridge  and  a  resistance  box  containing 
thirteen  coils  each  of  the  same  resistance  as  the  bridge  wire,  and 
balancing  the  unknown  electromotive  force  against  the  drop  in 
potential  through  a  portion  of  the  bridge  coils  and  fraction  (set- 
ting) of  the  bridge  wire.  This  arrangement  can  hardly  be  desig- 
nated as  new. 

A  New  Electrolytic  Cell  for  Rectifying  Alternating  Currents. 
By  W.  L.  Hildburgh.  /.  Am,  Chem,  Soc,  22,  300-304. — This 
is  a  very  neat  device  by  which  one-half  the  wave  of  an  alterna- 
ting current  can  be  repressed  and  the  current  thus  rectified.  It 
consists  of  a  large  platinum  electrode  covered  with  platinum 
black,  partly  immersed  in  a  sulphuric  acid  solution,  and  partly 
exposed  to  an  atmosphere  of  hydrogen.     The  other  electrode 
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dipping  in  the  same  solution  is  a  small  platinum-wire  point 
sealed  into  a  glass  tube.  The  best  size  for  the  electrodes  varies 
with  the  current.  The  whole  cell  is  enclosed  in  an  atmosphere  of 
hydrogen.  When  a  current  passes  from  the  large  to  the  small 
electrode  through  the  liquid,  hydrogen  goes  into  solution  at  the 
large  cathode  and  an  equal  quantity  is  liberated  at  the  anode.  On 
reversing  the  current,  the  small  point-electrode  becomes  the 
anode  and  the  oxygen  polarization  prevents  the  passage  of  the 
current,  provided  the  impressed  electromotive  force  is  not  too 
great ;  in  the  latter  case  several  cells  are  connected  in  series. 

A  riethod  for  the  Determination  of  Electrical  Conductivity 
with  Direct  Current  instruments.  By  J.  Livingston  R. 
Morgan  and  W.  L.  Hildburgh.  /.  Am.  Chem.  Soc.^  22,  304- 
307. — An  alternating-current  generator  is  connected  in  series 
with  the  electrolytic  cell  and  a  non-inductive  resistance.  Around 
the  latter  is  shunted  a  galvanometer  and  a  hydrogen  cell  for 
rectifying  the  alternating  current  (see  preceding  review).  The 
deflection  of  the  galvanometer  is  noted,  and  then  a  non-inductive 
resistance  is  substituted  for  the  conductivity  cell,  and  adjusted 
until  the  same  deflection  as  before  is  indicated  by  the  galva- 
nometer. With  the  ordinary  Kohlrausch  electrolytic  cell  and  an 
alternating  voltage  of  two  volts  the  authors  state  that  the  results 
agree  satisfactorily  with  those  obtained  by  the  usual  Kohlrausch 
method.  
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The  Proteids  of  the  Egg  Yolk.  By  Thomas  B.  Osborne 
AND  Gkorgb  F.  Campbell.  /.  Am.  Chem.  Soc,  22,  413-422. — 
Salt  solutions  dissolve  from  ^%%  yolk  a  mixture  of  protein  com- 
pounds with  lecithin,  containing  from  15  to  30  per  cent,  of  leci- 
thin. This  lecithin  is  not  removed  by  ether,  but  readily  by  alco- 
hol. The  resultant  lecithin-free  proteid  obtained  by  fractional 
precipitation  has  a  constant  composition.  The  conclusion  drawn 
is  that  the  protein  of  ^g%  yolk  is  principally  a  lecithin  compound, 
soluble  in  salt  solutions,  and  in  its  behavior  resembling  a  globu- 
lin. 

Tlie  Protein  Constituents  of  Egg  White.  By  Thomas  B. 
Osborne  and  George  F.  Campbell.  /.  Am.  Chem.  Soc,  22, 
422-450. — In  a  previous  paper  {this  Rev.,  5,  no)  Osborne  de- 
scribed preparations  of  crystallized  ^g%  albumin  which  indicated 
that  with  the  substance  ordinarily  known  as  ovalbumin  there  are 
associated  other  protein  bodies.  The  authors  have  since  re- 
peated the  work  on  a  larger  scale,  confirming  the  earlier  obser- 
vations, and  are  able  to  present  a  number  of  facts  concerning 
these  and  other  protein  substances. 
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The  Nucleic  Acid  of  the  Embryo  of  Wheat  and  Its  Protein 
Compounds.  By  Thomas  B.  Osborne  and  Gborgk  P.  Camp- 
BBLi^.  y.  Am.  Chem.  Soc,  2a,  379-413. — The  authors  find  that 
gliadin  and  glutenin,  the  principal  proteid  constituents  of  the 
endosperm  of  wheat,  are  not  present  in  the  embryo.  The  em- 
bryo does  contain  a  nucleic  acid  dififerent  from  any  form  as  yet 
described,  as  well  as  leucosin,  a  globulin,  and  proteose.  It  is 
probable  that  the  embryo  contains  a  number  of  compounds 
formed  by  varying  combinations  of  these  protein  substances  with 
the  nucleic  acid. 

On  the  Phosphorus  Content  of  the  Paranuclein  from  Casein. 

By  Holmes  C.  Jackson.  Am.  /.  Physiol.,  4,  170-177. — The 
paranuclein  obtained  by  digestion  of  casein  with  pepsin-hvdro- 
chloric  acid  is  shown  to  contain  considerable  amounts  of  phos- 
phorus in  organic  combination.  The  results  of  previous  inves- 
tigators, who  found  that  the  phosphorus  recovered  in  the  ash  of 
their  preparations  was  equivalent  to  the  total  phosphorus  con- 
tent of  the  paranuclein,  are  attributed  to  the  high  ash  content  of 
their  products.  When  the  latter  is  avoided,  and  thus  the  forma- 
tion of  inorganic  phosphates  during  ignition  is  prevented,  para- 
nuclein yields  over  two  per  cent,  of  organic  phosphorus. 

On  Uric  Acid  Formation  after  Splenectomy.  By  Lafayette 
B.  Mendel  and  Holmes  B.  Jackson.  Am.  /,  Physiol.,  4, 
163-169. — The  experiments  of  the  authors  indicate  that  the 
spleen  is  not  the  chief  organ  involved  in  uric  acid  production  in 
the  living  body,  and  further,  that  it  is  doubtful  if  it  plays  any 
part  whatever  in  this  process.  No  diminution  in  uric  acid  pro- 
duction was  observed  in  any  case  after  splenectomy.  They  con- 
sider it  improbable  that  the  formation  of  uric  acid  in  the  mam- 
malia can  be  assigned  at  present  to  any  definite  organ,  or  groups 
of  organs. 

The  Occurrence  and  Origin  of  the  Xanthine  Bases  in  the 
Feces.  By  William  H.  Parker.  Am.  /.  Physiol.,  4,  83-89. 
From  experiments  on  a  healthy  man  of  average  body- weight  the 
general  conclusion  is  drawn  that  under  normal  conditions  on  a 
diet  containing  no  nucleins  there  is  always  a  constant  excretion 
of  combined  xanthine  bases  derived  from  the  cells  of  the  alimen- 
tary canal.  This  excretion  is  increased  to  nearly  double  the 
usual  amount  when  food  containing  nucleins  or  food  rich  in  al- 
loxuric  bodies,  as  meat  or  meat  extracts,  is  consumed.  This  in- 
crease is  not  necessarily  due  directlj''  to  the  ingested  food,  but 
may  arise  indirectly  from  an  influence  exerted  on  the  processes 
of  metabolism  and  secretion. 
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An  Experimental  Study  of  Oxaluria»  with  Special  Reference 
to  its  Fermentative  Oris:in.  By  Hei.en  Baldwin.  /.  Expt, 
Medicine^  5,  27-46. — The  results  of  a  number  of  experiments  are 
given  to  show  that  in  health  no  oxalic  acid,  or  only  a  trace,  is 
formed  in  the  body,  that  present  in  the  urine  having  been  in- 
gested with  the  food.  In  certain  cases,  however,  in  which  free 
hydrochloric  acid  was  absent  from  the  gastric  juice,  it  is  consid- 
ered that  oxalic  acid  was  formed  in  the  organism  itself,  this 
formation  being  connected  with  fermentation  in  the  alimentary 
canal. 

On  tiie  Connective  Tissue  in  Muscle.  By  J.  H.  Goodman. 
Am.  J,  Physiol,^  4,  260-263. — In  a  recent  paper  describing  a  new 
method  for  the  determination  of  connective  tissue  in  musclie, 
Schepilewsky  iArchiv .  fur  Hygiene ^  34,  348)  speaks  of  the  oc- 
currence of  mucin  in  muscle.  The  author  has  isolated  and  ex- 
amined this  so-called  mucin.  No  carbohydrate  could  be  ob- 
tained from  it,  and  it  was  found  to  contain  less  than  0.0 1  percent, 
of  phosphorus  and  an  average  of  16. 11  per  cent,  of  nitrogen. 
These  results  indicate  that  the  material  is  neither  a  glycoproteid 
nor  a  nucleoproteid.  It  resembles  more  closely  the  '"^  stroma 
substance"^  obtained  by  von  Holmgren  from  horse  and  rabbit 
muscle. 

On  the  Occurrence  of  Iodine  in  Corals.  By  Lafayette  B. 
Mendel.  Am,  J.  Physiol, ,  4,  243-246. — The  author  has  found 
considerable  quantities  of  iodine,  varying  from  0.28  to  1.70  per 
cent.,  in  three  specimens  of  West  Indian  corals,  and  submits  the 
results  as  additional  evidence  in  favor  of  Drechsel's  belief  that 
for  many  organisms  there  is  a  specific  iodine  metabolism  which 
is  essential  to  the  building  up  of  the  axial  skeleton. 

Glycogen  Formation  after  Inulin  Feeding.     By  R.   Naka- 

SEKO.  Am,  J,  Physiol,  y  4,  246-250. — The  well-known  experi- 
ments of  Miura  {Ztschr,  fur  Biol.,  32,  255)  have  been- repeated, 
using  large  portions  of  inulin  and  allowing  the  absorption  to 
proceed  during  longer  intervals  than  before.  In  only  three 
cases  was  an  increase  of  glycogen  in  the  liver  above  the  starva- 
tion maximum  observed,  showing  that  the  glycogen-forming 
properties  of  inulin  must  still  be  regarded  as  uncertain  or  mini- 
mal. 

The  Influence  of  Acids  on  the  Amylolytic  Action  of  Saliva. 

By  G.  a.  Hanford.  Am,  J,  Physiol, ,  4,  250-260. — The  author 
endeavors  to  show  that  contrary  to  the  conclusions  of  Kubel 
{Archiv,fiirges,  Physiol,,  66,  276),  it  is  impossible  to  point  out 
any  percentage  of  acid  or  alkali  which  inhibits  salivary  diges- 
tion in  a  definite  degree.     The  character  of  the  action  is  depend- 


i6o  Review  of  American  Chemical  Research. 

ent  also  upon  the  absolute  amount  of  saliva  and  the  variation  in 
the  quantity  of  proteid  matter  present.  Whenever  free  hydro- 
chloric acid  is  present  a  certain  degree  of  inhibition  is  always 
the  result. 

Investis^ations  on  the  Determination  and  Composition  of 
Humus  and  Its  Nitrification.  By  Charles  Rimbach.  /.  Am, 
Chem.  Soc,  22,  695-703. — The  author's  experiments  are  a  direct 
verification  of  the  assumption  previously  made,  that  the  matih^e 
noire  of  Grandeau  is  a  definite  source  of  nitrates  through  nitrifi- 
cation. In  studying  the  Gi  andean  method  for  the  determination 
of  humus,  it  was  found  that  soda  solution  extracts  more  nitrogen 
than  does  ammonia,  but  the  question  still  remains,  which  of  the 
two  is  the  best  solvent  for  humus  substance,  by  which  is  under- 
stood the  sum  of  all  organic  substances,  decomposed  or  not, 
which  are  immediately  available  as  plant  food. 

An  Experimental  Study  of  the  Qas-producing  Power  of 
Bacillus  Coll  Communis  under  Different  Conditions  of  En- 
vironment. By  Mary  Engle  Pennington  and  George  C. 
Kt)SEL.  y.  Am.  Chem.  Soc,  22,  556-567. — Bacillus  coli  com- 
munis has  been  cultivated  under  the  most  nearly  concordant  con- 
ditions possible,  and  the  gas  produced  has  been  examined 
chemically.  The  results  obtained  show  great  irregularity,  but  in 
general  there  seems  to  be  an  intimate  relation  between  the  pro- 
duction of  hydrogen  and  nitrogen.  The  carbon  dioxide  is  lib- 
erated in  greatest  quantity  at  the  beginning  of  the  fermentation. 

On  Certain  Peculiarities  In  the  Urine  of  Vegetarians.     By  J. 

H.  Long.  /.  Am.  Chem.  Soc.,  22,  592-595. — The  relation  of 
uric  acid  to  creatinin  in  normal  urine  is  about  i  :  2;  in  the  urines 
examined  it  was  about  i  :  1.2.  This  is  attributed  to  low  food 
consumption  and  consequent  low  proteid  metabolism.  The  ob- 
served distribution  of  reducing  power  shows  that  a  vegetable 
diet,  consisting  largely  of  carbohydrates  and  fats,  tends  to  in- 
crease the  non-nitrogenous  factors  in  the  urine. 

The  Fractional  Precipitation  of  the  Globulin  and  Albumin  of 
Normal  Horse's  Serum  and  Diphtheria  Antitoxic  5erum,  and 
the  Antitoxic  Strength  of  the  Precipitates.  By  James  P.  At- 
kinson. /.  Expt.  Medicine,  5,  67-75. — The  globulins  of  both 
normal  and  diphtheria  antitoxic  serum  behave  similarly  toward 
chemical  reagents.  All  of  the  diphtheric  antitoxic  power  of  both 
normal  and  immunized  serum  is  always  carried  by  the  globulin 
and  its  fractional  precipitates.  During  the  fractional  precipita- 
tion of  the  globulin  some  of  it  is  lost  and  at  the  same  time  some 
of  the  antitoxic  power  of  the  globulin  of  the  immunized  serum  is 
lost.     These  observations,  together  with  the  observed  fact  that 
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normal  horse's  serum  contains  an  antitoxin  which  separates  with 
the  globulin,  lead  to  the  conclusion  that  *'  diphtheria  antitoxin*' 
is  a  form  of  globulin. 

Adlpimia  Cirrhosa — A  New  Protopine-bearing  Plant.     By  J. 

O.  ScHLOTTERBECK.  Am,  Chem/j,,  24,  249-253. — The  roots 
of  this  plant  have  been  found  to  contain  about  one  per  cent,  of 
an  alkaloid  melting  at  207**  (corr.).  Not  enough  of  the  alkaloid 
was  obtained  to  make  a  combustion  of  it,  but  in  its  crystalline 
form,  solubility,  melting-point,  and  principal  chemical  reactions 
if  agrees  exactly  with  the  protopine  from  Bocconia  cordata  and 
from  opium.  The  author  further  considers  it  probable  that  pro- 
topine is  identical  with  fumarine,  the  alkaloid  of  most  frequent 
occurrence  in  the  Fumariaceae. 

Assay  of  Drugs  by  the  Use  of  Living  Plants.  By  Henry 
Krabmer.  Am,  J,  Pharm.y  72,472-485. — From  the  resultsob- 
tained  it  may  be  said  generally  that  the  rate  of  growth  of  certain 
plants  in  solutions  containing  toxic  principles  is  inversely  pro- 
portional to  the  toxicity  of  the  solution.  There  seems  to  be  a 
definite  solution  of  alcohol  or  nux  vomica  alkaloids  that  is  toxic, 
and  with  solutions  containing  different  amounts  of  alcohol  or 
nux  vomica  alkaloids  there  is  a  definite  measure  of  growth  de- 
pending upon  the  quantity  present. 

Tlie  Digestibility  of  Some  Non-nitrogenous  Constituents  of 
Certain  Feeding-stuffs.  By  G.'  S.  Fraps.  /.  Am.  Chem,  Soc, 
22,  543-552. — The  author  has  determined  the  digestibility  of 
certain  groups  of  the  proximate  constituents  of  various  feeding- 
stuffs,  and  finds  that  the  probable  order  of  digestibility  is : 
sugars,  starches,  pentosans,  crude  fiber,  residual  nitrogen-free 
extract,  and  pentosans  in  the  crude  fiber.  The  constituents  of 
the  nitrogen-free  extract,  in  the  order  of  digestibility,  are  : 
sugars;  starches,  pentosans,  and  residue. 

The  Digestibility  and  Nutritive  Value  of  Bread.  By  Chas. 
D.  Woods  and  L.  H.  Merrill.  U,  S,  Depi,  Agr,,  Expi,  Sla, 
Bull,  85,  1-5 1. — This  bulletin  is  a  report  of  progress  in  the  ex- 
tensive investigation  undertaken  to  determine  the  effects  of  mill- 
ing upon  the  resulting  flours.  The  full  discussion  is  reserved 
until  further  results  are  available.  The  work  reported  includes : 
digestion  experiments  with  men  in  which  bread  formed  the  main 
diet ;  experiments  upon  the  artificial  digestion  of  bread  with 
pepsin  ;  a  study  of  the  income  and  outgo  of  nitrogen  ;  a  study  of 
metabolic  nitrogen  in  feces  in  a  period  with  a  diet  of  carbohy- 
drates alone,  and  in  a  period  of  complete  and  in  one  of  partial 
fasting  ;  an  investigation  of  the  nutritive  value  of  bread  made 
with  skim-milk  as  compared  with  that  made  from  water;  and 
experiments  on  the  losses  of  material  in  baking  bread. 
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Nutrition  investigations  at  tlie  Cal.  As^r.  Expt.  Station.    By 

M.  E.  Jaffa.  U,  5.  DepL  Agr.,  Expt.  Sta.  Bull.  84,  1-39.— 
Dietary  studies  have  been  made  on  a  football  team  and  on  a 
chemist's  family,  and  a  number  of  dietary  studies  and  digestion 
experiments  have  been  made  on  infants.  In  one  instance  the 
metabolism  of  nitrogen  by  an  infant  has  been  studied.  The 
studies  of  infants  are  especially  interesting  because  of  the  mea- 
gerness  of  statistics  in  this  line.  The  facts  brought  out  show 
clearly  the  need  for  more  study  in  this  direction  befbre  definite 
conclusions  can  be  drawn,  especially  with  infants  under  one  year 
old.  The  variations  in  the  amount  of  protein  show  that  there 
can  be  little  comparison  of  the  dietaries  of  infants  under  seven 
months  old.  From  the  seventh  to  the  twelfth  month  there  is 
more  regularity,  and  after  the  first  year  the  consumption  is  quite 
uniform. 

Tlie  Wide  Occurrence  of  Indicators  in  Nature.     By  G.  S. 

Fraps.  Am.  Chem.J,,7,^y  271-276. — The  resultsof  the  author's 
work  show  the  very  common  occurrence  of  indicators  in  nature. 
Some  seventy-four  kinds  of  colored  flowers  and  leaves  were  ex- 
amined after  extraction  with  water  or  dilute  alcohol.  In  nearly 
every  case  the  extract  became  one  color  when  acid  and  another 
when  alkaline.  Some  of  the  changes  were  very  sharp,  and,  as  a 
rule,  the  coloring-matter  was  fairly  sensitive  as  an  indicator,  be- 
ing changed  by  from  less  than  ^  to  2  drops  of  tenth-normal  am- 
monia. 

The  Nature  of  Commercial  Sans^uinarine  Nitrate.     By  J.  O. 

ScHLOTTERBECK.  Pharm.  Rev.,  18,  358-362. — Examination  of 
several  samples  of  commercial  sanguinarine  nitrate  showed  them 
to  consist  either  of  nearly  pure  chelerythrine,  the  methyl  deriva- 
tive of  sanguinarine,  or  of  a  mixture  of  all  the  alkaloids  of  san- 
guinaria  with  more  or  less  of  its  decomposition- products. 

K.  H.  Richards,  Rbvibwbr. 

Principles  of  Water  Analysis  as  Applied  to  New  Mexico 
Waters.  By  Arthur  Goss.  N.  M.  Agr.  Expt.  Sta.,  Bull. 
34,  55-106. — This  bulletin  gives  tables  of  mineral  contents  of 
some  200  waters  from  different  parts  of  the  state,  thus  furnish- 
ing valuable  data  for  future  work.  A  case  is  given  of  the  use  of 
a  water  containing  440  parts  of  total  solids  per  100,000  without 
any  inconvenience  by  those  accustomed  to  it,  though  it  was  lia- 
ble to  cause  severe  illness  in  strangers.  The  usual  limit  of  57 
parts  for  either  potable  or  irrigation  water  cannot  be  adhered  to 
in  New  Mexico. 

G.  W.  ROLPB,  Reviewer. 

On  the  Digestion  and  Assimilation  of  Pentosans  and  Fur- 
furoids.    By  C.  F.  Cross,  E.  J.  Bevan,  and  J.  S.  Remington. 
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y.  Am,  Chem,  Soc,  22*  630-634. — Attention  is  drawn  to  the  fact 
that  no  pentosan  is  really  known  to  exist,  and  that  there  is  no 
proof  that  the  pentoses  as  such  are  actually  in  the  plant,  the  bal- 
ance of  evidence  pointing  to  their  formation  by  oxidation  of 
hexose  compounds.  In  fact,  the  authors  lead  us  to  infer  that 
the  processes  employed  in  the  separation  and  identification  of 
the  pentoses  may  possibly  be  the  cause  of  their  formation,  a 
point  already  made  by  others.  On  this  account  the  authors  pro- 
pose to  define  these  reputed  compounds  identified  by  the  furfural 
reaction,  as  y«f/ttr(WV/j  (furfural- gebende  substances)  confining 
the  name  pentosan  to  the  theoretical  **  pentose-anhydride*' or 
the  pentose  analogue  of  starch.  The  results  of  experiments  with 
cellulose  hydrolysis  products  fed  to  rabbits  show  that  almost 
the  whole  of  these  **  furfuroids*'  were  digested.  This  is  which 
quite  contrary  to  the  result  obtained  in  feeding  pentose  sugars, 
are  known  to  be  practically  indigestible. 

Sugar  Beets,  1899.  By  J.  T.  Willard  and  R.  W.  Cloth- 
ier. Btill,  Kan,  Sta,  Agr,  Col,,  94,  49-55.  Experiments  in 
the  Cultivation  of  the  Sugar  Beet  in  Nebraska.  By  H.  H. 
Nicholson  and  T.  L.  Lyon.  Bull,  Neb.  Agr.  Fxpt,  Sta,,  60, 
3-34.  Sugar  Beet  Investigations  in  1899.  By  J.  L.  Stone 
AND  L  H.  Clinton.  Bull,  Cotnell  Univ,  Agr.  Expt.  Sta,,  182, 
368-385.  Sugar  Beets  in  Sanpete  and  5evier  Counties.  By 
Luther  Foster.  Bull,  Utah  Agr,  Col,  Expt.  Sta.,  63,  3-22. 
Sugar  Beets  and  Sorghum  Investigations  in  1899.  By  A.  D. 
Selby.  Bull,  Ohio.  Agr,  Expt,  Sta,,  115,  175-192.— The  titles 
sufficiently  indicate  the  scope  of  these  bulletins.* 

The  Inversion  of  Cane  5ugar  in  Various  Pharmaceutical 
Preparations.  By  A.  H.  Waltersdorf  and  W.  O.  Richt- 
hann.  Pharm.  Arch.,  3,  81-94;  102-109. — The  article  describes 
an  extensive  investigation  into  the  inverting  effect  of  the  ingre- 
dients of  the  more  common  syrups  and  elixirs  on  the  sugar  pres- 
ent in  these  preparations.  The  work  was  carried  out  under 
three  temperature  conditions  representing  the  greatest,  least, 
and  average  room  temperatures. 
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PROXIMATE  analysis. 
A.  G.  Woodman,  Rbvxbwbr. 

Estimation  of  Fat  in  Condensed  Milk.  By  Albert  E. 
Leach.  /.  Am,  Chem,  Soc,,  22 ^  589-591. — Twenty-five  cc.  of 
the  diluted  milk,  corresponding  to  10  grams  of  the  original  sam- 
ple, are  measured  into  a  Babcock  whirling-bottle.     Water  and 
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4  cc.  of  copper  sulphate  are  added,  and  the  precipitated  proteids 
separated  by  the  centrifuge.  The  supernatant  solution  of  the 
sugar  is  withdrawn  by  a  pipette,  using  a  wisp  of  cotton  over  the 
tip  as  a  filter,  and  the  residue  is  washed  twice  with  water,  with- 
drawing it  in  each  case  with  the  pipette.  Finally,  enough  water 
is  added  to  make  the  volume  approximately  17.6  cc,  17.5  cc.  of 
sulphuric  acid  are  added,  and  the  process  continued  as  in  the 
ordinary  Babcock  method. 

The  Estimation  of  Fat  in  Sweetened  Condensed  ililk.     Bv 

Joseph  F.  Gbisi.br.  /.  Am,  Chem,  Sac,,  la,  637-645. — The 
author  discusses  critically  several  methods  which  have  been  pro- 
posed for  the  estimation  of  fat  in  condensed  milk  and  gives  re- 
sults to  show  the  considerable  time  that  is  necessary  to  secure 
complete  extraction  in  the  Adams'  coil  method.  Where  only 
one  gram  of  milk  is  used  and  the  extraction  is  continued  for  four 
or  five  hours,  fairly  satisfactory  results  are  obtained. 

The  Estimation  of  Fat  in  Sweetened  Condensed  Milic  by  tlie 
Balicocic  Test.  By  E.  H.  Farrington.  Am.  Chem,  J.,  24, 
267-270. — 17.6  cc.  of  the  diluted  milk  is  measured  into  a  Bab- 
cock test-bottle,  about  3  cc.  of  the  usual  sulphuric  acid  is  added, 
and  the  bottle  shaken  vigorously.  In  order  to  compact  the  curd 
into  a  firm  lump  the  bottle  is  whirled  for  about  six  minutes  in  a 
steam-heated  turbine  centrifuge,  the  temperature  being  kept  at 
about  200^  F.  The  sugar  solution  is  poured  off,  the  curd  is 
shaken  up  with  10  cc.  of  water,  3  cc.  of  acid  are  added,  and 
the  bottles  whirled  as  before.  The  sugar  solution  is  again  de- 
canted, enough  of  the  sugar  being  thus  removed  to  prevent  its 
interference  with  the  regular  test.  The  results  are  considered 
satisfactory,  although  the  reviewer  would  point  out  that  the 
error  of  multiplication,  consequent  upon  dilution,  seems  greater 
than  in  some  other  methods  proposed  for  the  same  determination. 

Tlie  Detection  of  Coal-tar  Dyes  in  Fruit  Products.     By  A.  L. 

WiNTON.  /.  Am,  Ckem,  Sac,,  22,  582-588. — The  author  has 
found  Arata's  wool  test  {Ztschr,  anal,  Ckem,,  28, 639),  most  sat- 
isfactory for  jellies,  fruit  juices,  and  sirups.  In  applying  this 
test,  100  cc.  of  the  liquid,  prepared  if  necessary  by  boiling  the 
substance  with  water,  are  boiled  for  ten  minutes  with  10  cc.  of 
10  per  cent,  solution  of  potassium  bisulphate  and  a  piece  of 
wool,  previously  boiled  out  with  dilute  alkali,  and  washed.  The 
wool  is  finally  washed  with  boiling  water  and  dried.  The  pres- 
ence of  certain  coal-tar  colors,  chiefly  of  the  azo  group,  may  be 
ascertained  by  the  dyeing  of  the  wool. 

Tlie  Adulteration  and  Analysis  of  the  Arsenical  insecticides. 

By  J.  K.  Haywood.    /.  Am,  Chem,  Soc,,  22,  568-582. — The 
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arsenical  insecticides  most  generally  used  are  Paris  green, 
Scheele  green,  London  purple,  arsenious  oxide,  lead  arsenate, 
white  arsenoid,  pink  arsenoid,  green  arsenoid,  and  paragrene. 
These  are  adulterated  in  three  ways:  (i)  By  addition  of  some 
colored  substance  free  from  arsenic;  (2)  by  addition  of  some 
inert  material  to  increase  weight ;  (3)  by  a  decrease  in  the 
amount  of  combined  arsenious  oxide  in  the  preparation.  The 
methods  for  the  determination  of  arsenious  oxide  in  Paris  and 
Scheele  greens  are  compared  and  critically  discussed. 


QBOLOQICAL  AND  niNBRALOGICAL  CHEMISTRY. 

C.  H.  War&bn,  Rbviewbr. 

A  New  ileteorite  from  Oakley,  Logan  County,  Kansas.    By 

H.  L.  Preston.  Am.  J,  Sci,,  160,  410-412. — The  meteorite, 
which  is  the  eleventh  one  reported  from  Kansas,  weighed  61  lbs., 
ID  oz.,  and  was  7^  X  10  X  12  in.  in  its  greatest  diameter. 
It  consists  of  '*  olivine  and  enstatite  chondrules  imbedded  in  a 
very  irregular  ground  mass  of  the  same  material,  with  numerous 
particles  of  iron  and  iron  sulphides.  *'  An  analysis  gives  its 
composition  as  follows :  Metallic  part,  Pe,  12.76  per  cent. ; 
Ni-j-Co,  1.68  per  cent.  ;  silicates,  85.56  per  cent.  ;  total,  100  per 
cent. 

Silidous  Calcites  from  the  Bad  Lands  of  South  Dakota.    By 

S.  L.  PENPIE1.D  AND  W.  E.  Ford.  Am,  J.  Sci.,  160,  352-354. 
— The  crystals  are  rough  in  appearance  but  show  with  some  dis- 
tinctness characteristic  calcite  forms.  In  chemical  composition 
the  crystals  resemble  the  silicious  calcites  from  Fontainebleau, 
containing  about  40  percent,  of  calcite  and  60  per  cent,  of  sand. 
The  sand  grains  at  times  attain  the  size  of  small  pebbles.  It 
appears  that  these  crystals  represent  a  phase  of  sand  stone  forma- 
tion where  the  calcareous  cement  was  able  to  crystallize  and  pre- 
serve its  external  crystalline  form. 

Cambrian  Silurian   Limonited  Ores  of  Pennsylvania.     By 

T.  C.  Hopkins.  Bu/i,  GeoL  Soc.  Am.,  2,  475-502. — Extensive 
.  deposits  of  iron  ores  occur  as  irregular  pocket-like  deposits 
in  the  residual  clays  of  the  Cambro-Ordovician  limestones  and 
slates  of  Eastern  and  Central  Pennsylvania.  The  ores  consist 
of  the  hydrous  oxides  of  iron,  chiefly  limonite,  associated 
with  manganese  ores,  wavellite,  quartz,  chert,  and  fluorite.  The 
ores  appear  to  have  been  derived  from  the  original  iron  content 
of  the  limestones  and  slates,  by  a  leaching  and  concentrating 
process  in  which  carbonic  and  organic  acids,  together  with  oxy- 
gen took  part.  In  position  the  ores  favor  the  contact  of  the 
limestone  and  the  underlying  slate. 
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Two  New  Occurrences  of  Corundum  in  North  Carolina.     By 

J.  H.  Pratt.  Am,  J.  Sci,,  i6o,  295-298. — The  first  occurrence 
is  in  an  araphibole  schist,  apparently  a  metamorphosed  igneous 
rock  of  the  gabbro  type.  The  corundum  is  found  in  seams  a 
few  feet  in  width,  and  forms  about  10  percent,  of  the  vein.  The 
second  is  in  a  quartz  schist,  composed  of  biotite  mica  and  quartz, 
in  which  the  corundum  is  found  along  streaks  or  bands.  *-It  is 
thought  that  the  excess  of  alumina  contained  in  the  original 
shales,  which  were  afterwards  metamorphosed  into  quartz  schist, 
crystallized  out  along  the  planes  of  lamination. 

Ciiemical  Composition  of  Sulpiiolialite.  By  S.  L.  Pbnfibld. 
Am.  /.  Sci.,  160,  425-428. — Considerable  doubt  as  to  the  exist- 
ence of  the  mineral  sulphohalite,  recently  described  and  assigned 
the  formula  3Na,S0^.2NaCl,  having  arisen  by  reason  of  the  fail- 
ure of  several  investigators  to  make  an  artificial  salt  of  like  com- 
position, the  reinvestigation  of  the  species  described  in  this  arti- 
cle was  undertaken  with  the  result  that  another  constituent, 
fluorine,  was  discovered  and  the  composition  represented  by  the 
formula  2Na,S04.NaCl.NaF  assigned  to  the  mineral.  It  is  in- 
teresting to  note  that  the  sulphohalite  is  associated  with  another 
triple  salt,  the  mineral  hanksite,  9Na,S04.2Na,CO,.KCl. 

Cliemlcal  Composition  of  Turquois.  S.  L.  Pbnpibld.  Am, 
/,  Sci.,  160,  346-350. — The  article  records  a  reinvestigation  re- 
garding the  chemical  composition  of  turquois.  A  new  analysis 
was  made  on  material  exceptionally  suitable  for  that  purpose. 
From  the  results  thus  obtained  the  author  shows  conclusively 
that  the  mineral  is  to  be  regarded  as  a  derivative  of  ortho-phos- 
phoric acid  in  which  the  hydrogen  atoms  are  largely  replaced  by 
the  univalent,  isomorphous  radicals  Al(OH)*,,  Fe(OH)*„  and 
Cu(OH)'.  The  formula  may  be  written  [Al(OH),,Fe(OH)„ 
Cu(OH),H]5PO,.  The  radical  A1(0H)\  always  predominates. 
A  careful  consideration  of  former  analyses  shows  them  to  be  in 
close  agreement  with  the  results  just  mentioned  and  wholly  dis- 
prove's  Clark's  interpretation  that  turquois  is  a  mixture  of  the 
molecule  AljHPO^COH)^  with  finely  divided  iron  and  copper 
phosphates  as  impurities. 

Scapolite  Roclcs  from  Alaslca.  By  J.  £.  Spurr.  Am.  /. 
Sci.,  160,  310-315. — The  first  rock  described  is  an  andesine- 
oligoclase-scapolite-biotite  rock  of  granitoid  texture,  occurring 
in  the  form  of  great  dikes  cutting  through  an  older  igneous  rock 
of  granite  and  diorite.  The  scapolite  is  considered  the  equivalent 
of  a  feldspar  in  the  rock  and  the  latter  is  placed  parallel  to  the 
belugite  group  of  feldspar  rocks  as  a  scapolite  belugite.  The 
name  yentnite  is  suggested,  and  the  type  becomes  a  biotite  yent- 
nite.     A  local  variation  of  this  rock  is  described  as  microcline 
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scapolitic.  The  second  rock,  a  light-colored  dike  rock  catting 
cretaceous  shales  and  limestones,  is  described  as  a  quartz-scapo- 
lite  porphory,  and  is  placed  parallel  to  the  quartz  monzonite 
group  of  feldspar  rocks.  It  is  given  the  name  of  Kuskite.  The 
author  is  of  the  opinion  that  gases — chlorine,  etc. — ^played  an 
important  part  in  the  formation  of  the  scapolite  ;  but  he  consid- 
ers the  latter  to  be  undoubtedly  an  original  constituent  and  not 
of  secondary  origin,  as  is  probably  the  case  with  the  Norwegian 
scapolite  rocks. 

Qraftonite,  a  New  Mineral  from  Qrafton,  N.  H.,  and  Its  In- 
tergrowth  with  THphylite.  By  S.  L.  Penfield.  Am,  /.  Sci,, 
160,  20-32. — The  new  mineral  occurs  in  a  cogtrsely  crystalline 
pegmatitic  vein  of  quartz  and  feldspar.  Its  composition  as  shown 
by  chemical  analysis  is  represented  by  the  formula  R",P,0,, 
where  R"  represents  the  isomorphous elements — iron,  manganese, 
and  calcium — in  varying  proportions.  This  places  it  in  the 
rare  group  of  anhydrous,  normal  phosphates  of  which  triphylite 
is  also  a  member.  The  latter  occurs  in  thin,  dark  layers,  dis- 
tinctly interlaminated  with  the  light-colored  graftonite.  Micro- 
scopical examination  brings  out  the  interesting  fact  that  the  two 
minerals  have  a  definite  crystallographic  orientation  with  respect 
to  each  other.  Apparently,  graftonite,  which  constitutes  some- 
thing over  two-thirds  of  the  whole  mass,  was  in  sufficient  quan- 
tity to  give  its  own  monoclinic  symmetry  to  the  crystals  and  at 
the  same  time  by  reason  of  some  similarity  of  molecular  struc- 
ture, has  caused  the  laminae  of  the  orthorhombic  triphylite  to 
take  a  definite  crystallographic  orientation.  These  relations  and 
the  crystal  habit  are  shown  by  appropriate  drawings. 

The  Action  of  Ammonium  Chloride  upon  Natrolite,  Scole- 
cite,  Prehnite,  and  Pectolite.  By  F.  W.  Clarke  and  George 
Steiger.  Am,  J,  Sci. ,  160,  345-35 1 . — The  present  paper  is  one 
of  a  series  having  for  an  object  the  study  of  the  chemical  consti- 
tution of  certain  silicates.  The  minerals  were  subjected  to  the 
action  of  ammonium  chloride  in  sealed  tubes  at  a  temperature  of 
350®,  and  the  resulting  products  analyzed.  The  action  of  a  boil- 
ing 25  per  cent,  solution  of  sodium  carbonate  was  also  tried  on 
them.  Both  natrolite  and  scolecite  are  unattacked  by  the  sodium 
carbonate  solution  and  yield  with  the  ammonium  chloride  the 
same  compound,  (NH^),Al,Si,0,^,,  which  is  a  simple  replacement 
of  the  bases  and  acid  hydrogen  of  the  minerals  by  the  (NH^) 
radical.  Prom  these  facts  and  an  entirely  new  and  complete 
analysis  it  is  concluded  that  the  two  minerals  are  salts  of  the 
same  silicic  acid,  HgSi,Oio,  and  that  their  formulae  should  be 
written  Na,Al,Si,Oio.2HjO  for  natrolite,  and  CaAl,Si,0,o.3H,0  for 
scolecite,  instead  of  the  previously  accepted  orthosilicate  formulae 
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AljCCiOJjNajH^  and  AljCSiOJCaH^.H.O,  respectively.  Preh- 
nite  suffers  no  change  when  treated  as  above  and  is  therefore  of 
different  structure.  Pectolite,  a  metasilicate,  NaHCa,SigO,,  al- 
though attacked  strongly  by  the  chloride,  did  not  yield  results 
leading  to  any  new  or  more  definite  conclusions  as  regards  its 
structure. 
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TViAGNBSiA :  removal  from  natural  waters,  22;  volumetric  determination 80 

Magnesium :  ammonium  arseniate,  constitution,  81 ;  chloride,  solutions,  specific 
gravity  and  conductivity,  75 ;  sulphate  solutions,  specific  gravity  and  con- 
ductivity    75 

Magnetic  field,  influence  on  crystallization 153 

Malic  acid,  acid  sodium  salt,  toxic  action 153 

Malonic  ester,  sodium  derivative,  action  on  nitro-compounds 131 

Mangahese  :  electrolytic  separation  from  copper,  13 ;  influence  on  cast  iron,  54  , 

cobalticyanides 65 

Manganous  chloride,  transition  temperature 145 

Mass  law  and  physical  reactions 117 

Medal,  Kytchtym *. 53 

Melting-points,  apparatus  for  determining 106 

Mercuric  iodide,  effect  of  solvents  on 62 

Mercury:  assay, 59;  determination  as  oxalate,  147;  surface-tension,  influence  of 

electrification  on,  78  :  cobalticyanide 65 

Metabolism,  in  human  body 37.97 

Metals :  action  of  hard  waters  on,  21 ;  electrolytic  deposition  from  non-aqueous 

solutions,  154 :  influence  on  plants,  27 ;  specific  heat 9 

Metanethol 92 

Meteorite,  analysis 83, 165 

Methane,  estimation 20 

Methyl  alcohol,  compound  with  phenyl  mustard  oil 35 

Methylamine,  double  halides  with  tellurium 113 

Methylamines ;  double  halides  with  tin,  62 ;  double  halides  with  cadmium  ....  61 

o-Methylaminophenol 87 

Methyl  pyromucamide 91 

Milk  :  coloring-matter  in,  loi :  condensed,  determination  of  fat  in 163, 164 

Mill :  for  working  gold  ores.  117;  practice 50 

Mills,  gold,  trolley  for 1x7 

Mineral  resources  of  N.  B.,  83 :  N.  S.,  *  ' 83 

Minerals,  new,  from  zinc  mines 66 

Mines,  Mercur 49 

Mixtures,  ternary 5, 6 

Molecular  weights  of  liquids 3 

Mould,  ingot 43 

Mucin  :  chemistry,  98 ;  presence,  in  muscle 159 

Muscle,  connective  tissue  in Z59 
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Naphthylamine,  action  on  campfaorozalic  acid ^ 

/l-Naphthylimidoethyl  ester 92 

Nasonite 66 

Natrolite,  action  of  ammonium  chloride  on 167 

Nickel :  determination,  128;  determination  in  ores,  80:  determination  in  steel,  15  ; 
electrolytic  separation  from  copper,  13;  separation  from  cobalt,  146;  occlu- 
sion of  hydrogen  by,  12 ;  carbonyl,  decomposition  in  solution,  66 :  cobalti- 

cyanide,  65 ;  sulphide,  precipitation  in  tartrate  solution.  151 ;  tartrate  ...  151 

Nitrites,  formation  In  combustion  and  in  breathing 35 

Nitro  compounds,  action  of  sodium  salts  of  esters  on 131 

/-Nitro-o-benzoylbensenesulphonic  acid 94 

Nitrogen  :  determination  as  ammonia,  128 ;  estimation  in  fertilizers.  16 ;  removal 
from  the  air  by  plants,  120;  elimination  after  ingestion  of  proteid  food,  125; 

iodide,  preparation  and  properties no 

Nitroma Ionic  aldehyde,  condensation  with  ketones 135 

5-Nitro-2-oxyphenylacetic  acid \ 136 

/-Nitrophenol,  conductivity  of  liquid  ammonia  solutions 154 

/.Nitrophenylethyl  carbonate 89 

>-Nitn>-o-sulphobenzoyl  chlorides 94 

Nitrovanillic  acid 15S 

Nitrovanillin 13S 

^ILt :  analysis,  HUbl's  iodine  method,  loi ;  sod 124 

Oils :  determination  of  bromine  absorption,  loi ;  essential,  analysis 102 

Opium,  assay :S 

Ores  :  Jackson  system  of  treating,  46 ;  copper,  roasting,  43 ;  iron,  of  Pa.,  165:  nickel, 

analysis,  80;  telluride,  assay  for  gold,  59;  zincose  lead,  smelting 40 

Oxalic  acid :  presence  in  human  body,  159  ;  acid  sodium  salt,  toxic  action.  153  ;  so- 
lutions, 8peci6c  gravity  and  conductivity 74 

Oxaluria.  fermentative  origin 159 

Oxyazo  compounds,  structure * 32 

Oxygen  :  atomic  weight,  69 ;  cause  of  evolution,  when  oxidizable  gases  are  ab- 
sorbed by  permanganic  acid  no 

<»-Oxy  phenyl  methyl  urethane 89 

o-Oxyphenylurethane 87 

PALLADIUM  :  atomic  weight,  4 ;  double  halides  with  organic  bases 4 

Paranuclein,  presence  of  phosphorus  in 158 

Parianite 123 

Pectolite,  action  of  ammonium  chloride  on 167 

Pentosans,  digestion  and  assimilation i6z,  162 

Permanganic  acid  :  action  on  oxidizable  gases,  no ;  conductivity,  in  ;  preparation 

by  electrolysis 111 

Petroleum :  Texas,  124  ;  Wyoming 23 

Phase  rule,  demonstration 5 

Phenite,  action  of  ammonium  chloride  on 167 

Phenol :  action  of  hepatic  cells  00,  26 ;  freezing-point  in  presence  of  water  and 

hydrochloric  acid 118 

Phenoxozone 38 

Phenyl  mustard  oil :  use  in  detecting  hydrozyl  group,  35 ;  compounds  with  alco- 
hols    36 

o-Pheny lenedia mine,  action  on  camphoroxalic  acid 93 

Phenylhydrazines,  acylated,  action  on  quinones 96 

Phosphates:  elimination  after  ingestion  of  proteid  food,  125;  solutions,  electrolysis  13 

Phosphoric  acid  :  estimation,  15 ;  solutions,  specific  gravity  and  conductivity  .  .  76 
Phosphorus  :  determination  in  ores,  coal,  and  steel,  8z ;  influence  on  cast  iron,  54; 
presence,  in  the  paranuclein  from  casein,  158;  poisoning,  26,  29;  heptabro- 

mide,  151;  pentabromide,allotropism 
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Physioflrraphy  of  Nlcaraaffua  canal  ronte 85 

Picryl  chloride,  action  on  pyrocatechin 37 

PlanU,  Influence  of  metals  on vj 

Potash,  presence  in  lead  slags 41 

Potassium :  conductivity,  dissolved  in  liquid  ammonia,  154 ;  chlorate,  electrolytic 
reduction,  78;  iodide,  conductivity  of  liquid  ammonia  solutions,  154 ;  nickel 
tartrate,  151 ;  nitrate,  deliquescence,  7 ;  sodium  sulphites,  isomeric,  109 ; 

zanthate,  preparation ia8 

Potatoes,  starch  content 99 

Potential,  differences  between  metals  and  solutions  of  their  salts 11 

Pressure :  apparatus  for  carrying:  out  chemical  reactions  under, 'Xo6  ;  relation  be- 
tween, and  evaporation 9 

Proteids  of  wheat  flour 98 

Protopine,  occurrence  in  a  new  plant 161 

Prunes,  analyses 99 

Pyridine,  double  halides  with  tellurium 1x3 

Pyrocatechin,  action  of  picryl  chloride  on 37 

QUARTZITB,  Blue  Mound 87 

Quinasolines,  synthesis 95 

Quinoline,  double  halides  with  tellurium 1x3 

Quinonebensoylphenylhydrasone 34 

Qttinones,  chlorinated,  action  of  phenyl  hydrasines  on 95 

RACBMIC  acid,  action  of  magnetic  field  on X53 

Racemic  compounds,  separation 95 

Racemism,  history 96 

Reaction,  physico-chemical,  driving  tendency 141 

Reactions :  physical  and  the  mass  law,  117 ;  reversible,  s ;  reversible,  experiments 

to  illustrate 139 

Reductor,  simplified 104 

Ricidine 38 

Ricinine 38 

Roasting,  reducing  value  for  arsenic 43 

Rock-weathering 87 

Rocks:  volcanic,  analyses,  82;  differentiation,  85 ;  copper-bearing 85 

Rotation,  magneto-optic,  relation  to  structure 153 

Ruby,  new  mode  of  occurrence 67 

8ACCHAJLIN.  valuation so 

Saliva,  influence  of  acids  on  action 159 

Salts  :  heat  of  dilution  of  solutions,  74 ;  inversion  of  sugar  by,  4 ;  acid,  relation 

between  taste  and  dissociation,  7a ;  double,  conductivity  of x 

Sanguinarine  nitrate 163 

Scapolite  from  Alaska x66 

Schists,  ore-bearing 85 

Scolecite,  action  of  ammonium  chloride  on 167 

Scorification  without  muffle S^ 

Selagite 8a 

Selenium:  allotropic  forms,  X4s;  detection  in  presence  of  tellurium,  63;  iso- 
morphism with  tellurium,  X49 ;  separation  from  tellurium,  xx4 ;  dioxide,  re- 
duction by  sodium  thiosulphate 64 

Semicarbaside,  action  on  camphoroxalic  acid 93 

Serpentinisation 87 

Serum :  diphtheretic,  30 ;  of  horse,  antitoxic  strength x6e 

Sesquiterpenes,  classification 38 

Silicon  :  amount  in  f  errosilicon,  8x ;  determination  in  f  errosilicon,  X47 ;  influence 

on  cast  iron,  55 ;  standards  in  water  analysis,  19 ;  use  in  iron  castings  ...  4a 
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Bilver :  electrochemical  equivalent,  76 ;  electrolytic  depositioti  from  non-aqueous 
■olutiona,  154 ;  loaaea  in  smelting:.  41 ;  occlusion  of  hydrogen  by.  xa :  proof, 
58 :  refining,  41.  4a.  116, 117 ;  assay,  new  furnace  for,  58 ;  cobalticyanide.  65; 
lead  bullion,  sampling,  57  ;  nitrate,  conductivity  in  organic  solvents,  xo  ; 

voltameter,  study  of,  77  ;  plating  of  amalgam  plates 47 

Slag  :  utilisation,  53 ;  molten,  utilizing  heat 115 

Slags  :  determination  of  lime  in,  8a ;  lead  potash  and  soda  salts,  in 41 

Smelting,  silver,  41 ;  lead 41 

Smoke,  collecting  solids  from 116 

Soda,  presence  in  lead  slags 41, 48 

Sodium  :  conductivity,  dissolved  in  liquid  ammonia,  154 ;  acid  salts  of  oxalic,  tar- 
taric, malic,  and  citric  acids,  toxic  action.  157  ;  alcoholates,  action  on  nitro 
comxMunds,  131 ;  ammonium  chromates,  X50;  chloride,  electrolysis,  155; 
hydroxide  solutions,  specific  gravity  and  conductivity,  75 ;  nitrate,  deliqne- 
secence,  7 ;  nitrite,  manufacture,  aa ;  phenolate,  action  on  nitrocompounds, 
131 ;  phosphates,  solutions,  specific  gravity  and  conductivity,  75 ;  potassinm 

sulphites,  isomeric,  109 ;  sulphate  transition  temperature 144 

Soil:  analysis,  ia6;  humus ia6 

Soils  :  composition,  98 ;  determination  of  lime  requirement,  lox  :  testing  for  appli- 
cation of  fertilisers 35 

Solutions:  isohydric,  1x9;  solid,  5;  specific  heat,  ix ;  non-aqueous,  conductivity, 

xo ;  non-aqueous,  potential  differences xi 

Sorghum,  feeding  value 99 

Specific  gravity  of  certain  salt  solutions 75 

Stamp-mill :  portable,  xi6;  water  required  for  47 ;  water  and  fuel  economy  in  .  .        xi6 

Stannic  chloride :  hydrolysis,  3 ;  double  salts  with  organic  bases 61 

Stannottschloride,  double  salts  with  organic  bases 6x 

Starches,  digestibility x6i 

Stearic  acid,  sulphonlc  derivatives 39 

Steel :  determination  of  carbon  in,  xao,  xa6 ;  determination  of  chromium  in.  15 ; 
determination  of  nickel  in.  15 ;  determination  of  phosphorus  in.  8x ;  rela- 
tion between  chemical  composition  and  physical  character,  56 ;  thermo- 
chemistry         1x3 

Stereoisomers  :  equilibrium,  6 ;  separation 95 

Strawberries,  analyses xa6 

Strontium  chloride  solutions,  abnormal  f  reeaing-point 7> 

Succinic  acid,  acid  sodium  salt,  toxic  action 153 

Sugar :  f reesing-points  of  aqueous  solutions,  X40 ;  inversion,  4,  X63  ;  test  for,  in 

urine,  x8;  beets 163 

Sugars,  digestibility 161 

Sulphates,  elimination  after  ingestion  of  proteid  food 125 

Sulphohalite,  composition x66 

Sulphur :  molecular  weight,  6 ;  conductivity,  dissolved  in  liquid  ammonia,  154 ; 
determinatioii  in  pig  iron,  X5;  determination  in  bitumens.  8o;monoch]oride, 

action  on  tungsten  compounds 13 

Sulphuric  acid :  determination  in  presence  of  iron,  141 ;  determination  photomet- 
rically, xa8 ;  molecular  weight,  7x ;  surface-tension 71 

Surface-tension  :  influence  of  electriflcation  on,  78 ;  of  sulphuric  acid  solutions  * .         71 

Syenite,  nepheline,  new  occurrence 68 

System,  periodic  of  elements 146 

'TANNIN,  estimation ao 

4f-Tartaric  acid,  change  in  magnetic  field 15a 

Tartaric  acid,  acid  sodium  salt,  toxic  action 133 

Tartaric  ester.action  of  ethyl  iodide  and  sodium  ethylate  on 37 

Taste  of  acids,  relation  to  dissociation 118 

Tasteof  acid  salts,  relation  to  their  dissociation 7^.145 
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Tellurium  :  iflomorphism  with  selenium,  149 :  specific  gravity  Aud  electrical  resis- 
tance, 79,  preparation,  63,  113;  separation  from  selenium.  114;  basic  ni- 
trate, 63;  dioxide,  yellow  form,  iis;  double  halides  with  organic  bases, 

113 ;  double  halides  with  dimethylamine 149 

Tetramethylammonlum :  double  halides  with  tin,  63 ;  double  halides  with  cad- 
mium    61 

>•  3>  3-Tetra methyl hexoic-i,  a,  6-acid 91 

Thallium,  estimation 17.  81 

Thai  Ions  sulphate,  transition  temperature 144 

Theorem,  Mazwell's 5 

Theorems,  Gibbs' 118 

Thioncarbamic  esters,  molecular  rearrangement 136 

Thioncarbanilic  esters,  molecular  rearrangement 136 

Thioncarbacinic  esters,  molecular  rearrangement 136 

Thiourea,  conversion  into  ammonium  thiocyanate 4 

Tin  :  alloys  with  lead,  testing,  40;  qualitative  test  for.  127,  146, 148 ;  double  halides 
with  organic  bases.  63 ;  See  also  Stannous  and  Stannic. 

Titanium,  occurrence  in  peats 149 

/-Tolenylimido  methylester 9a 

Toluidines :  double  halides  with  antimony,  65 ;  double  halides  with  tin 63 

Toluquinonebensoylphenylhydrazone 34 

Toluquinoneoxime,  ethers,  stereochemistry 34 

Tourmaline,  estimation  of  boric  acid,  in 14 

Toxic  effect :  and  electrolytic  dissociation,  6 ;  of  acid  sodium  salts 153 

Transition  temperature 144 

s-4-6-Tribrombensamide.  compound,  with  sodium  hydroxide 134 

Triethylamine,  double  halides  with  tin 63 

Trimethylamine.  double  halides  with  tellurium 1x3 

3-4-6-Trimethylbenzamide,  compound,  with  sodium  hjrdroxide 134 

Trinitranisol,  action  of  certain  sodium  salts  on 131 

Trinitrobenzene,  action  of  certain  sodium  salts  on 131 

Tungsten :  atomic  weight,  13  ;  alkyls,  13 ;  compounds,  action  of  sulphur  mono* 

chloride  on,i3;   oxytetrachloride 13 

Tnngstic  acid,  esters 13 

Turquois,  composition x66 

Tuyeres,  in  blast-furnace 53 

UREAS,  action  of  acid  reagents  on 96 

Uric  acid :  reducing  power,  136 ;  formation  after  splenectomy 158 

Urine :  normal  reducing  power,  136 ;  of  vegetarians,  x6o ;  test  for  sugar  in  ...  .  18 

l/ANADIUM,  occurrence  in  peats 149 

Vanillin,  action  of  nitric  acid  on 138 

Vapor-pressure  in  mixture  of  two  liquids 144 

Vapors,  mixed,  composition 5 

Veins,  formation 85 

Vinegar,  analysis 99 

lA/ATBR :  analysis,  163 ;  estimation  of  suspended  matter  in,  19  ;  rate  of  action  on 
halogen  fatty  acids,  33 ;  removal  of  lime  and  magnesia  from,  23 ;  use  in 
stamp-mill,  116;  surface-tension,  influence  of  electrification  on,  78;  boiler, 
quality,  33 ;  boiler,  chemistry,  33 ;  hard,  action  on  metals,  31 :  salt,  effect  on 

cement X3X 

Weights  :  molecular,  of  liquids.  3 ;  standardising 105 

Wells,  artesian 84 

Wheat :  gluten  constituents,  135 ;  protein  compounds,  158 ;  embryo,  nucleic  acid 

in 158 

Wheels,  car,  manufacture 55 

Wool :  mineral,  manufacture,  53  ;  grease 134 
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.XANTHINE  bases,  origin,  in  feces 
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JSINC  :  determination,  15, 119, 129 ;  action  of  hard  water  on,  ai ;  electrolsrtic  separa- 
tion from  copper,  13 :  solution-tension  in  alcohol,  154  ;  cobalticyanide.  65  ; 
ethyl,  preparation,  136;  mines,  new  minerals  from,  66;  sulphate,  hydrates, 
inversion  in  a  Clark  cell 
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